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1 INTRODUCTION 

In recent years the interest of biordaemists, chmcians and pathol- 
ogists m the rile of glycogen in normal and pmthological metabohsm 
has greatly mcreased This is partly due to the recent desenpbon of 
a senes of morbid pictures in ■which the metabohsm of glycogen is 
abnormal as demonstrated by its accumulation m large amounts in 
certain organs A further abnormahty is the great stability of this 
glycogen after death Abo\e all, the striking pecuhanty m these 
morbid pictures is the great hypertrophy of one or more organs in 
■which the e-Tcess of glycogen is found Among the vanous causes of 
hypertrophy of different organs, the accumulation of glycogen must 
be considered, particularly among the disturbances manifestmg them- 
selves shortly after birth Glycogen disease is a disturbance which 
ments the consideration of pcdiatncions, in particular, it seems likely 
that the study of this condition ■will add materially to our knowledge 
of the phj siology and pathologj' of carbohjdrate metabolism, and will 
increase our insight into several other diseases of childhood 
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In most cases observed up to the present the hver has been chiefly 
mvolved Owmg to the central rdle of the hver m carbohydrate 
metabohsm and the pecuhar conduct of glycogen in this disease the 
clinical study of these cases of “glycogen hver,” as might be expected, 
has already given str ikin g results 
In 1928 we were able to report an extensive chmcal study of a case 
which may be regarded as the first case of “glycogen hver”, it con- 
cerned a boy m whom an enlargement of the hver had been found 
shortly after birth We then came to the conclusion that m aU prob- 
abihty we had to deal here with a condition m which glycogen had 
accumulated m the hver and perhaps also m the muscles, but in which 
this glycogen could be mobilized only with great difficulty Then, m 
1929, the article of von Gierke was pubhshed on hypertrophy of organs 
(hver and kidneys) caused by accumulation of glycogen, this accu- 
mulation had been found post mortem m cases which chmcally had 
not been recognized In that year also the article of Schonhetmer 
appeared on the chemical mvestigations performed m these cases 
In 1932 and 1933, when we further reported on this condition and 
surveyed the hterature, only a small number of such cases were known 
Smce then many pubhcations have appeared and the number of new 
cases has greatly increased Therefore, before givmg an extensive 
chmcal and pathological discussion of the hterature of this new disease, 
we shall review bnefly some present day conceptions about the 
physiology and pathology of glycogen 

Eighty years have passed smce Claude Bernard discovered gly- 
cogen This was one of the most fundamental discovenes in the field 
of carbohydrate metabohsm Claude Bernard’s mvestigations clearly 
demonstrated the important r61e of the hver in its metabohsm Smce 
then glycogen has taken an important place m physiology and path- 
ology In some respects our conceptions about carbohydrate me- 
tabohsm and the function of glycogen m difierent organs have under- 
gone a change Muscle glycogen, previously considered to be of 
p rima ry importance as an immediate source of energy for the con- 
traction of muscle, has, accordmg to present conceptions, at least the 
same significance for carbohydrate metabohsm as hver glycogen 
A direct exarmnation of the amount of glycogen present m the body 
m health and disease is not possible durmg hfe, our conceptions about 
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the changes of glycogen m dlfierent organs are based largely on the 
result of animal experiments In man the formation and presence of 
glycogen, especially m the hver can only be investigated by indirect 
methods Of these methods "we may mention measurements of the 
blood sugar content m the fastmg state and followmg the admimstra- 
tion of carbohydrates, the changes in the respiratory quotient, the 
total metabohsm, the blood sugar, the excretion of sugar in the unne, 
the lactic aad content of the blood, and the morganic phosphate of 
blood and unne In the chmeal studies of the power of the hver to 
form glycogen, galactose and levulose are usually used Kecently 
these tests have been refined by studymg concurrently the changes 
m the total blood sugar and m the levulose and the galactose of the 
blood The presence of a ketosis is regarded as an indicabon that no 
glycogen reserve is present in the hver The absence of a significant 
increase in the blood sugar content followmg the injection of adrenolm 
IS also usually explained on this basis The presence of a so-called 
imtial tnsultn-hyferglycemia (not given by pure insulm preparations) 
has been regarded as provmg the existence of a gl> cogen depot In 
recent years several of these methods of investigation have been 
cnUoied, and their significance questioned Thus it would seem 
that the changes m the respiratory quotient after the administration 
of different carbohydrates can no longer he explained m so simple a 
way as in the past. From the imestigations of Deud, Calhcart and 
Markowlz, Campbell and Maltby, and others, it appears in the first 
place that the respiratory quotient indicates the sum of different 
processes taking place at the same time, and is not merelj an mdicator 
for the simple fixation or oxidation of sugar In the second place it 
appears that the divergent Influence which different sugars ha\ c upon 
the respiratory quotient may be explained in this way, that certain 
sugars cause a nse of the lactic aad content of the blood, and sec- 
ondary to this — by stimulation of the respiratory center — more car- 
bomc aad is expired 

As regards the levulose tolerance test wc know now that the possi- 
biHty cannot be excluded that this sugar may be metabolized outside 
the 111 er {Sternberg, BoUman and Mann) 

As to hyperglycemia occurnng after injection of adrenahn, other 
factors besides a mobilization of hver glycogen, such as the trans 
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formation of lactate from muscles, must be considered, and also in the 
opmion of the Cons especially, a dirmmshed assimilation of sugar m 
the tissues The latter opinion is however still in debate {Soskin, 
Priest and Schultz) As to the sigmficance of other hormones (in- 
suhn, thyroid hormone, adrenal cortex hormone and hormones of the 
anterior pituitary) and nervous influences for hver glycogen, recent 
mvestigations have partly changed several current conceptions and 
have taught us a number of important new facts 

Glycogen disease confronts us with a new condition, the possibilities 
of which as a means of throwing hght on glycogen metabolism, have 
been only here and there appreciated A glycogen depot exists in the 
hver, even an abnormally large one (eventually also the same is found 
in other organs), but this glycogen cannot be mobilized or only with 
great difficulty Generally, it is considered impossible to obtain a 
true insight mto the distnbution of glycogen in the body by examina- 
tion of the organs after death, because it is assumed that after death 
a more or less rapid decomposition of glycogen occurs In glycogen 
disease, however, the organs after death are found to be loaded with 
glycogen, notwithstandmg the fact that m some of these cases death 
has resulted from acute febnle disease, which as a rule causes rapid 
dimmution of glycogen in the tissues. 

Based on experiments with animals we know that the glycogen of the 
hver, especially, may vary greatly with the diet A large glycogen 
supply in the liver can imder normal conditions be as quickly broken 
down as biult up, vanous factors such as the composition of the blood, 
hormones, the nervous system and also age may play a rCle m the 
process of glycogenesis Under normal conditions the glycogen supply 
in the liver moves between definite hmits In animal experiments 
some investigators have succeeded in increasing the glycogen content 
of the liver greatly, and under certain circumstances this mcrease 
was accompanied by a marked mcrease m the volume of the hver 
Further on we shall consider the possible significance of these expen- 
ments in the problem of glycogen disease. 

The muscle glycogen is not changed so readily by vanations in the 
food intake as is the hver glycogen (see Eynd and Rather and others) 
Between the carbohydrate metabohsm of hver and muscle there is, 
however, a definite relation, known as the Con-circle 
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The glycogen of the heart muscle occupies a pccuhar place, as it m- 
creases in the fastmg condition and m other respects, too, behaves 
differently (see among others Best (193S) and Yannel and Darrow) 
In diabetes melhtus, it was formerly assumed that the bvcr was 
poor m glycogen Recent mvestigations, partly of experimental 
nature, have demonstrated, however, that even m diabebc coma the 
glycogen content of the hver may be about normal {Major and Maim, 
Popper and Wosazek) The glycogen content of the muscles m 
diabetes melhtus is normal The presence of glycogen m the kidneys 
after death has been regarded os a more or less typical findmg m 
diabetes melhtus 

The relationship between carbohydrate and phosphate metabohsm 
has been clearly established from many recent mvestigations For- 
mation and solution of glycogen in the body can be judged by the 
changes occumng m the phosphate content of the blood after m- 
gestion of sugars and mjcchon of insubn on the one hand, and after 
injection of adrenahn, on the other How far the results of these 
expenmental studies can be apphed chmcally m following glycogenosis 
in the hver and m determining whether the ^ycogen there is mobilized 
with case or dilEculty, will be discussed later on 

As regards the relation between carbohydrate and fat metabohsm it 
was generally accepted, until recently, that complete oxidation of 
fat was possible only when enough carbohydrate was available for 
combustion Ketosis, therefore, was regarded as a symptom of incom- 
plete fat combustion by a shortage of carbohydrate m the metabohe 
mixture Recent observations have made it highly probable that this 
close relationship between fat end carbohydrate metabohsm does not 
always exist The metabohsm of fat according to different mvesti- 
gators may be influenced mdependently by hormonal factors, ongmat- 
mg espcaally from the pituitary gland In discussing different symp- 
toms observed in cases of glycogen disease, especially those m which 
the hver is pnncipally mvolved, these new conceptions will have to be 
considered 

Of great importance for the problem of glycogen disease — es- 
pcaally since it is a disturbance manifestmg itself mostly at or shortly 
after birth— is the conduct of the glycogen dunng fetal life C/aride 
Bernard found that glycogen was present in fetal tissues Since 
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then, the investigations on glycogen during the embryonic penod have 
been numerous It has been repeatedly shown that glycogen accu- 
mulates m vanous embryomc tissues shortly before birth — it has 
been demonstrated particularly m the human hver — and it shows great 
stabihty From the standpomt of fxmction one of the difierences 
between fetal glycogen and glycogen m the postnatal state is the fact 
that fetal glycogen cannot be mobilized m the cold and by adrenahn 
In the normal new-born infant glycogen can often still be discovered 
m locations where m adults it is found only under pathological cir- 
cumstances (m the kidneys and m organs of mternal secretion) The 
glycogen of the new-born shows the interestmg difference that rela- 
tively large quantities of adrenahn are required for its mobihzation 
These and many other facts demonstrate that pre-natal and neo-natal 
glycogen metabohsm differ from that durmg the later years of life 
The final cause of these and other pecuhanties m glycogen metabohsm 
has not yet been established with certamty A pnon we consider as 
possibihties hormonal factors, alterations m the behavior of the gly- 
cogen sphttmg ferments, and of the glycogen itself We shall discuss 
these possibihties later on 

In the accumulation of glycogen of which we have been speakmg, 
such as in the organs of the embryo and the new-born infant, or the 
pathological glycogen infiltration m diabetes meUitus, there has never 
been found an enlargement of the organ, caused by this glycogen 
accumulation, as occurs m glycogen disease We prefer the name 
"glycogen disease” for this pecuhar disturbance of glycogen me- 
tabohsm, which has been descnbed under vanous names (compare 
the hterature at the end of this article), groupmg the chmcal types 
under the terms "hepatomegaha glycogemca”, "cardiomegaha gly- 
cogemca,” etc We now propose to present a bnef survey of the htera- 
ture In our discussion we shall pay attention prmcipally to the 
cUntcal side of the problem 

2 HEPATOMEGALIA GLYCOGENICA 
a Revtew of cases 

Under the title "hepato-nephromegaha glycogemca” von Gterke 
pubhshed m 1929 the results of the autopsy of a girl, who died of 
influenza at the age of eight years and who probably smce birth — at 
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least since the age of three and a half years— had shown a very large 
h\ er Symptoms of lues or tuberculosis had not been observed durmg 
life Whether the spleen was also enlarged remained doubtful The 
girl repeatedly had epistaios, showed rachitic symptoms, slight aneima 
and a tendency to infections of mouth and pharynx In theurme 
were no pathological substances, m particular sugar was absent At 
the age of five years the girl was too small for her age, the structure of 
bones was slender and the musculature was thin The skin was 
normal 

At the autopsy, 24 hours after death, the length of the child ap- 
peared to be normal for her age. No asates Von Gtcrke found an 
enormously enlarged hver (weight 2000 gm , normal for this age about 
740 gm ) Both lobes of the liver, but especially the nght one, were 
very much enlarged Undoubtedly the enlarged left lobe, separated 
from the nght one by a deep notch, had been mistaken for the spleen 
The spleen itself was scarcely enlarged The kidneys were, also, 
greatly enlarged (weight of both together 245 gm , normal about 130 
gm ) Adrenals and thymus were atrophic. The pancreas had a 
normal aspect, the islets of Langerhans were distmct The histo- 
logical exammation showed that the enlargement of the hver was 
prmapaUy due to an enormous glycogen infiltration of the hver cells 
Beside this, much fat was present m the li\ er cells Also the enlarge- 
ment of the kidneys was pnnapally due to this glycogen accumula- 
tion No glycogen infiltration or histological changes were found in 
the atrophic adrenals, in the spleen, spmal bone marrow, pancreas, 
thyroid, pituitary, ovanes, intestine and brarn Small pieces of the 
diaphragm and of the musdes of the neck, after being kept for four- 
teen days in formahn, contained only small amounts of glycogen 
The results were the more curious as the patient died of an mfcctious 
disease and the organs could not be examined until 24 hours after 
death, which means that the organs were exammed under arcum- 
Btanccs where in the liver normally no glycogen or only a very small 
amount is found 

The chemical examination performed by Schbnhnmer confirmed 
these findings Both li\cr and kidneys contained abnormally large 
amounts of glycogen Even after being kept for six day’s at 37°C 
the glycogen content of the hver decreased very little. The autolysis 
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of the organs had m this case scarcely exerted any influence on the 
glycogen Scliiniheivier found no indication for the presence of a 
pecuhar kind of glycogen which could not be spht in the normal way 
He was of the opimon that the accumulation of glycogen tn woo and 
the disturbed postmortem destruction of glycogen m this disease 
was caused by the absence or shortage of hver amylase Glycogen, 
isolated from the hver and the kidney, was rapidly broken down when 
mixed with normal hver 

Perhaps of mterest from a chmcal-diagnostic pomt of view we may 
mention the fact that Schonheivier was able to isolate a remarkable 
quantity of glycogen from the blood of the patient as late as six days 
after death Von Gterke considered the possibihty, mentioned by 
Schbnhetnier, that the condition represented a persistence of the fetal 
state, he agreed with Schbnhetmer that the process of glycogenolysis 
by en2ymes was disturbed The epithehum of the embryonal kidney 
supposedly would have only the property of buildmg up glycogen and 
only later on would the glycogen-sphttmg ferments develop Hepato- 
nephromegaha m vm Gierke's conception would be a kmd of congemtal 
disturbance of metabolism of hver and kidney cells, caused by a total 
or partial absence of glycogen sphttmg ferments Therefore von 
Gierke spoke of a dysontogenetic “An- oder Hypenzymatose " Con- 
sidermg his case analogous to those diseases where there exists ac- 
cumulation of metabohc products, as in Gaucher’s disease (kerasine), 
and m the disease of Nieimnn-Ptck (hpoids), von Gierke called the 
condition the “ Glykogenspeicherkrankheit” 

Von Gierke was also able to examine the organs of a second patient, 
a boy of five years, who smce birth had had a very large abdomen 
Blood and urme of this child had never been exammed Kidneys and 
hver were also greatly enlarged m this case and contamed large 
amounts of glycogen The hver showed m addition a shght increase 
of the penportal connective tissue In the spleen, which was only 
moderately enlarged, no glycogen could be demonstrated 

These very important commumcations estabhshed the existence of 
a congemtal disturbance m the glycogen metabohsm, in which the 
glycogen can be mobilized only with great difficulty, and in which 
hver and kidneys are so engorged with glycogen as to brmg about 
enormous enlargement of these organs But, regardless of the im- 
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portance of the facts estabhshed by van Gierke and Schbnheimer, 
they gave little help m regard to the recognition of these enlargements 
of organs by glycogen accumulation during hfe, as distinguished from 
other causes of hypertrophy of organs 
For some years pnor to the pubhcations of von Gierke and SchSn- 
hetmer we had been intensively occupied by the chmcal and metabohe 
study of a boy who smcc birth had had a \ ery large liver, and who 
clmically gave the impression of adiposo-gemtal d3strophy One 
of the most important questions to which the examination of his 
metabohsm led was whether the boy might have a glycogen depot in 
the liver, from which the glycogen could be mobilired only with 
difficulty, and whether this difficulty was related to the special dis- 
turbance m the carbohydrate metabohsm which he showed 

Our first case, a boy who is now sixteen years old, comes from a healthy 
family, /a(/«r and mother are own cousins He was bom spontaneously at 
term Soon after birth the mother’s attenboa was drawn to the fact that 
the boy grew with extraordinary rapidity and that the abdomen grew larger 
and huger with maried development of the subcutaneous layer of fat 
At the age of eight months the child came into the hospital for the first 
time, where a big abdominal tumor was diagnosed, either a large U\er or a 
tumor adjoimng the liver The Pirquct, Wassermann and Weinberg reac- 
tions were negative. Normal blood picture. No hyperglycemia, no 
h)-percholestennenua. 

At the age of one year and a half an exploratory laparotomj was per- 
formed the liver was found to be enormous, smooth and apparently quite 
normal and had the aspect of a fatty liver, no biopsy was made During 
the first j ears of life the child was admitted to the hospital on several occa- 
aons, but no exact diagnosis was made During these y ears the boy showed 
noteworthy sjmptoms he often suffered from attaeVs of vomiting, begin 
ning without tnown cause and lasting for some days, at such times he gave 
the impression of being severely ill We now thmk that these were attacks 
of periodic vomiUng with acetonemia Later on the relation between these 
attacks and the disturbance in the metabolism of the patient will be dis 
cussed rurlhermorc the boy often had bloodj stools, the blood could be 
seen macroscopically, and often was present in a rather large quantity 
Occult blood could be repeatedly found in the stool In the bcgmning we 
were of opinion that these hemorrhages were related to an obstruebon in 
the portal system, caused by the tumor of the liver Proctoscopic exam- 



10 


S VAN CREVELD 


ination revealed that m addition to a hyperemic mucous membrane there 
was a rectal polyp, which undoubtedly was the principal cause of the rectal 
haemorrhages 

In the beg innin g of 1927, at the age of five years, the boy came for the 
first time into the “Propaedeutic Clmic ” At that time he was somewhat 
too small for his age but much too heavy, length 115 cm (normal 117), 
weight 26 kilos (normal 23) Extraordinary development of the subcu- 
taneous fat layer was observed and a true paunch was present The ex- 
ternal gemtaha were small The thorax was normal There was a very- 
large, hard, smooth hver, the lower border of which extended to the umbili- 
cus The spleen could not be felt No ascites No polynna In the 
unne, exarmned durmg the day, when the boy took the ordmary hospital 
diet, sugar could not be found, nor could urobihn No bile pigments were 
present but acetone was often found In fastmg condition the urme nearly 
always contamed much acetone and m addition a considerable quantity of 
/3-oxy-butync aad When taking a mixed diet the stools contamed only 
traces of fat and very small quantities of carbohydrates Fundus oculi 
normal An X-ray of the skull showed an unchanged sella turcica, ro- 
entgenograms of the bones of the hand revealed a retardation m the 
development of the skeleton, which had been noted some years previously 
In Nov , 1927, only three or four of the bones of the -wrist were present, 
whereas normally at this age they should nearly aU be present In June, 
1928, after a long penod of ingestion of alternatmg thyroid and hypoph 3 ^is 
preparations, the bones of the hand were still as underdeveloped as m Nov , 
1927, the condition was imchanged m Dec , 1929, but m May, 1931, the 
skeleton of the hand was complete (see later on) 

Durmg the years m which the boy has been under our observation we 
have repeatedly examined the blood The haemoglobm content and num- 
ber of the erythrocytes were always slightly dimimshed, the number of 
blood platelets was normal In Apr , 1928, the number of leucocytes was 
4850 and later on also a distmct leucopema was found, the leucocyte count 
at one time bemg 2900 The differenbal blood count repeatedly showed 
nothmg remarkable, -with the exception of a relative lymphocytosis and a 
slight eosmophilia Systohc blood pressure 105 mm The temperature 
was normal, no tendency towards a subnormal temperature -was noticed — 
The mental development of the patient was qmte normal for his age, he 
was and still is a bnght boy, always gay and lively — ^In the begmmng of his 
stay m the hospital he tired easily when walkmg or even when standmg, 
but m this respect his condition ameliorated greatly 

The urme of this boy in the fasting condition showed ketosis, and the 
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fasting blood sugar level was very low Both findings, repeatedly con- 
firmed, should, accordmg to the conceptions current at that tune, have 
excluded the existence of a glycogen depot. After mgestion of different car- 
bohydrates there occurred a significant nse of the blood sugar level, al- 
though hyperglycemic values never were reached, sugar was never excreted 
m the unne, and the ketonuna could only be made to disappear with diffi- 
cidty The boy showed a striking preference for eating bread — ^The 
changes, occurring in the respiratory quotient after mgestion of sugar, did 
not seem to point to a qmck transformation of sugar into fat — After ad- 
renalin injection only a slight elevation of the blood sugar occurred, but 
the ketosis was considerably increased The patient exhibited marked 
sensitiveness to a small amount of insulin 

From these findings and others to be discussed later on, we con- 
sidered It highly probable that our patient was able to fix sugar m the 
form of glycogen and to an even greater degree than under normal 
conditions, notwithstanding the fact that in the fasting condition he 
showed a strong hypoglycemia and ketosis, symptoms which, accord- 
ing to the current conceptions, seemed to point to the absence of 
even a small glycogen depot The result of the adrenalm experiment 
in particular, pointed to the fact that this glycogen depot could only 
be mobihzed with difficulty This conception was supported by the 
observations of Wtlder and his co workers on a patient with hyper- 
insuhmsm, adrenahn injection failed to produce any elevation of 
the blood sugar level, whereas after death the liver of the patient 
appeared to be full of glycogen Wc attributed the anomalous dis- 
turbance which our patient showed to a continuation of the fetal 
condition and we sought an axplanation of the condition m faulty 
glycogcnolysis 

In our studies on the above mentioned patient wc had profited in 
more than one respect by observations made on a somewhat similar 
child reported in 1921 from the Children’s Clinic in Vienna by Pantos 
and Wagner This child exhibited a hitherto undersenbed dis- 
turbance in carbohv drate metabohsm This disturbance was mam- 
fested cspcaallj m the fact that in the fasting state no sugar or almost 
none could be demonstrated m the blood by the method in use at that 
time In spite of the low blood sugar m this patient as in ours, also, 
those symptoms were lacking which wc later on recognized as bemg 
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“hypoglycemic” in ongm (the description of Parnas and Wagner 
dates from the time before msuhn) Other particularities in their 
child’s metabohsm were that after ingestion of sugar or starch there 
appeared a hyperglycemia, accompamed by a marked glycosuna, 
both symptoms developmg qmckly Further, only sbght elevation 
of the blood sugar content was found after mjection of adrenahn 
Both the last-mentioned facts made Parnas and Wagner assume that 
in their case the hver was no longer able to form a glycogen depot out 
of sugar Furthermore the unne of the child descnbed by them did 
not contam sugar m the fastmg condition, but large amounts of ace- 
tone, diacetic aad and even /3-oxybutync acid, which substances 
qmckly disappeared from the unne after the child had been given 
sugar or starch And chmcaUy there existed symptoms demonstrat- 
ing the existence of a comphcated disturbance m the internal 
secretions Also the child was suffenng from a very enlarged hver of 
firm consistency, without ascites and without tumor of the spleen 
Partly from the fact that no sugar could be demonstrated m the 
unne of our patient after the mgestion of a large quantity of glucose, 
fructose or galactose (30-50 gm ), and that none could be demonstrated 
when the very same quantity of sugar was repeatedly given at mter- 
vals of some hours (prmciple of Staub-Traugolt), we formed the opmion 
that there existed an essential difference between the metabohsm of 
our patient and the chdd of Parnas and W agner Also the fact that 
after the mgestion of sugar there actually did appear a long contmued 
bi-phasic curve, without, however, reachmg real hyperglyceimc values 
as m the case of Parnas and Wagner, pointed m our opimon to a differ- 
ence between their patient and ours — ^When in later years we heard 
from Wagner that his patient had grown up as an ordinary diabetic, 
and that moreover the blood sugar content m the fasting state had 
significantly nsen, whereas — a very remarkable fact — the tumor of the 
hver had become much smaller, then our opmion about the essential 
difference in the metabohsm between both children was supported 
After we had amved at the probable conclusion that the explanation 
of the deviation in metabohsm m our patient had to be sought in a 
faulty glycogenolysis, the pubhcations of von Gterke and Schbnheimer 
appeared The question then arose how far the s}Tnptoms found m 
our patient were charactenstic of hepatomegaha glycogemca This 
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question was of great practical importance, smce it necessitated the 
differential diagnosis (o), from other chronic hver diseases and (6), 
perhaps less important, from diseases of other organs (e g , adrenal 
and kidney tumors) It was also important, therefore, to deade 
whether a laparotomy should be performed 
We contmued the investigations m our boy and have been fortunate 
in bemg able to study (smce 1932) the same conditions in a second 
child, a girl who, presented almost the same morbid picture with 
analogous deviations m the metabohsm 


Our second case, a girl now ten years old, was a full term child, delivered 
spontaneously Throughout her pregnancy the mother remamed well 
The child’s weight at birth was just over 7 lbs She was breast-fed tmtil 
the age of ten months Her weight, when one year, was about 21 lbs 
Throughout this time the physical condition remamed good and there was 
no evidence of rickets The mental development was normal There is 
much evidence to suggest that the child had a large liver at birth In a 
photograph, taken at the age of six months, the abnormally large circum- 
ference of the abdomen can be seen distinctly, and before the end of the 
first year the presence of an abnormally large liver had been established 
with certainty We know that during the first year of life no unusual 
madents occurred 

After the first year of life this child, just as in the case of our first patient, 
bad pcnodic attacks of persistent vomiting m the morning and showed also 
a special preference for bread When the mother came to us with the child 
in January, 1932, there were no other complaints apart from this nausea 
and vomiting The child was hindered in her movements by the enonnocs 
abdomen She was alert, the mental development was normal, and she 
attended a preparatory school. She had a good appetite, had no abdo-n- 
inal complaints and no attacks of fever 


The father was healthy, the mother was 37 years old when the child was 
bom, this bemg the seventh pregnancy and the child the firrt of her second 
marriage She had had one aborUon and a still bom tnm Oae child 
died at the age of one year from bronchopneumonia foUowtcg measles 
The other children were normal. There was no known enlt—inieat of the 
hver in the family Of the medical condiUon of the h^ba-d hltle is 
known, except that he was a drunkard. The Masser-^— n,,, 

1932) of the mother was negative Smcetheb,rthcft„.^,j.,„,^iL 
had no further pregnanacs No family hislo-y rt 
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On examination (Jan , 1932) the gnl, nearly five years old, weighed 
35| lbs , and was only 38 m in height She was well nounshed with nor- 
mal subcutaneous fat, and no suggestion of adiposity No icterus The 
skin was somewhat dark m color, there was no pigmentation of skm or 
mucous membranes No abnormal growth of hair Rather marked den- 
tal canes The neck was short, and on both sides were numerous small 
glands The abdomen was protuberant Heart, blood pressure and lungs 
were normal 

The abdomen was greatly but evenly distended, and on the upper part 
of the wall of the abdomen a fine network of veins was seen, no caput 
Medusae The distension of the abdomen was caused by a very large hver, 
which occupied nearly the whole nght and the greater part of the left half 
On the nght side it was almost impossible to place the hand between 
the liver and the edge of the pelvis The left lobe could be felt from the 
level of the umbUicus, slantmg upwards and disappearmg under the costal 
arch at about the axdlary Ime Just at the umbihcus an mcisura could be 
felL The hver was of firm consistency and smooth, its edge was sharp 
No pam on palpation of the abdomen, no signs of free fluid The greatest 
circumference of the chest was 21m and of the abdomen 25 m The spleen 
could be felt with difficulty, kidneys were not palpable External gemtals 
normal Reflexes normal Muscular system normal The legs were slim 
The child was not easily exhausted by exerase 
The girl was mtellectually normal for her age She complamed of no 
abdommal symptoms, and showed no clubbmg of the fingers 
The unne obtamed while fastmg contamed no albumen or sugar, and 
showed a weakly positive reaction for urobilm, and strongly positive tests 
for acetone and diacetic aad Bile absent Specific gravity normal 
No thin g abnormal m the sediment Stool normal color and consistency, 
no worms or ova, on a mixed diet the fat and carbohydrate content was not 
increased The Pirquet, Wassermann and Wemberg reactions were all 
negative Temperature normal 

Examination of the blood showed a leucocyte count of 12,700 with 5 
per cent eosmophiles and a moderate relative lymphocytosis, no anemia, 
platelets normal The blood was mvesbgated repeatedly with similar 
results except that in later exammation the leucocyte count was normal 
and the eosmophiha less A distinct leucopema, as found m the boy, was 
not encountered 

X-ray investigation showed no enlargement of the heart, no signs of 
active nckets, no apparent abnormahties m the extreimties with the ex- 
ception of several small transverse hnes m the bones of the legs denotmg 
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irregular growth There was some delayed ossification, in both wnsts only 
three of the carpal bones were ossified Sella turaca normal Kidneys 
normal, no abnormahties m the region of the adrenal glands Bones of the 
skull were normal 

Electrocardiogram normal Basal metabolism sbghtly mcreased (two 
determinations, + 19 and + 27 per cent. At the second detenmnation 
the child was not quiet) 

The giri, therefore, showed a greatly enlarged liver without demonstrable 
hypertrophy of other organs, but with defimtely delayed growth Marked 
ketosis and slight urobibniina were present No signs of an endocnne 
disturbance were found and especially no marked adiposity as was found 
m our boy 

Blood sugar In the fasting condition there was a combination of hypo- 
glycemia and ketosis m the capillary blood the sugar at different deter- 
mmations ranged between 0 046 and 0 059 per cent, m the venous blood 
between 005 and 006 per cent (Hagedom and Jensen) All climcal 
symptoms of the so-called hypoglycemic complex as occurs m hypenn- 
subnism were absent — ^In addition, after 25 gms of glucose, there was a 
biphasic blood sugar curve The blood sugar remained maeased for a 
long time and had not returned to the fasting level after 2i hours, which m 
itself IS strongly against hypennsubnism The maximal elevation was only 
from 0 058 to 0 112 per cent, no glycosuria occurred 

After 20 gm of levulose the fastmg blood sugar rose from 0 056 to a 
maximum of 0 088 per cent, 1 e , a little higher than may occur normally 
(30 mgm per cent), but the Increase lasted for more than two hours The 
unne contained no reducing substances, and the ketosis present in the 
fasting condition decreased very much after givmg levulose. 

After 25 gm of galactose no sugar was excreted in the unne. 

The elevation of the respiratory quotient after givmg 20 gm of glucose 
was investigated, m one hour the quotient rose above 1, but the girl did 
not remain quiet 

Adrenalin test After subcutaneous injection of 0.5 mgm of adrenahn 
the gb-1 showed only a S'ery slight elevation of the blood sugar m the first 
teat from 0 054 to 0 07 per cent, in the second test from 0 051 to 0 066 per 
cent But a marked increased excreUon of ketones after the adrcnalm 
injection was noticed 

Our idea of the cause of the blood sugar elevation after adrenalin mjec- 
tion in 1933 had to be considered The Cons had demonstrated in different 
waj-s that the blood sugar elevation which normall> occurs after adrcnalm 
injecUon is only partly caused bj mobilization of liver glj cogen and this 
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only in so far as the primary elevation is concerned In speculating as to 
the existence of a glycogen depot m the hver which can be mobilized, stress 
must therefore, a prtort, be laid upon the non-appearance of this initial 
elevation In both our patients, however, it appeared that the adrenalm 
effect was also abnormal m so far as the rise m the lactic acid content of 
the blood, which normally accompames adrenalm hyperglycemia and which 
IS related to an mcreased sphtting of muscle glycogen, was only very slight 
In this connection we wish to pomt to the disturbance of glycogen 
splitting and of lactic aad formation m muscle, which occurs after extirpa- 
tion of the adrenals and is accompamed by an mcreased consumption of 
creatine-phosphonc acid (see among others KuscJnnsky and Nachmansohn) 
It appeared that creatme was present in the urme of both our children, but 
m a normal amount for their age 

In still another way the adrenalm effect m both our children appeared 
to deviate from the normal When in normal men subcutaneous injection 
of adrenalin is combmed with oral administration of glucose m the amount 
normally used for tolerance tests, then the elevation of the blood sugar is 
for the most part much more marked than would be expected from an 
addition of the effect of adrenahn and of glucose mgestion {Burhens) 
This IS apparently a consequence of the second adrenahn effect (the Carts), 
that IS, a decrease of sugar consumption m the muscles as a result of which 
the extra glucose given oraUy causes a higher elevation of the blood sugar 
In both our patients such a test was earned out once In both cases the 
elevation of the blood sugar after adrenahn injection together with glucose 
mgestion was only slightly greater than after glucose ingestion alone 
From an mvestigation of the protem of the blood serum it appeared that 
the significant mcrease of the globulm content of the serum, which is present 
m the majonty of chrome parenchymatous hver affections (Bendten and 
Snapper) was absent in both our patients 

With the serum of both patients we performed the flocculation test 
which, accordmg to recent investigations, is always positive m chronic 
parenchymatous hver affections when the globulm content is distinctly 
mcreased, (the so-caUed Takata-Ara-reaction) In our boy the test was 
negative, m the girl it was only weakly positive 

Corresponding to normal values obtained for the proteins of the serum, 
the sedimentation rate of the erythroc3^es in the defibnnated blood as well 
as m the non-defibnnated blood of both our patients was normal {Bendten 
and Snapper) 

Certam determmations of different constituents of blood and blood 
serum have also been made m both our patients From these it appeared 
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that m the girl as well as m the boy there was a marked elevation of the 
cholesterol content In both our patients the relation between free cho- 
lesterol and cholesterol esters, a relation which m bver diseases is often 
changed, was normal There was no decrease of cholesterol esters In 
both our patients with hypoglycemia the non-sugar reduang fraction and 
glutathione content were nonnal It further appeared that the hpolyhc 
acbvity of the serum of both our patients was also normal In addition, 
a quinme- and an atoxyl-resistant lipase (as may be present m the serum m 
parenchymatous hver and panaeas affections) were absent from the serum 
We studied m different ways the glycogen metabolism of both our pa- 
tients, firstly, the ao-caUed initial insulm hyperglycemia which, when pres- 
ent, would prove the existence of a glycogen depot. The effect is not given 
by pure insulin preparations TJsmg an insulm preparation of Burroughs, 
Wellcome & Co , which in animal experiments was proved to produce an 
rmUal nse in blood sugar, we found no such effect m our girl The absence 
of this effect in her case is, as we now know, not due to an msuffiaent gly- 
cogen depot, but to a glycogen supply which can be mobilired only with 
difficulty The glycolysis of the blood of the girl was normal, as was that 
of onr boy The same holds true for the influence exerted by insulm tn 
vtiro on the ondative glucose fermentation by erythrocj tes of our patients 

The quantity of diastase in blood and unne of both patients proved to 
be normal Again, the so-called diastase-forufymg action of the blood 
serum, by which is meant the smallest quantity of scrum which in vtfro 
exercises a fortiiying action on a pancreatic amylase, was normal m both 
our patients 

Special attention was paid to the glycogen m the blood of our patients 
Could this glycogen be spbt? Little was known regarding the glycogen of 
the blood in general Accordmg to Gabbe, in the normal blood the glycogen 
should, even on keepmg for several hours at 37°C , decrease only very 
slightly, notwithstanding the presence of a gljxolytic ferment Thus the 
blood glycogen should in its degree of stability resemble the glycogen pres- 
ent durmg fetal life It should differ m this respect from that normally 
present in liver and muscles, but correspond to that cxistmg m Hi cr and 
different organs m glycogen disease Wth our method, described m 1934, 
which could be regarded as a micro-modification of Pfittger’s method, we 
had obUmed for the glycogen content of the blood of the boy m the fasting 
condiUon some results which could be called distincUy high Since then 
we have constantly found in the fasting blood of both our patients values 
whidi welook upon as high, no leucocytosis being present which could cause 
this elevation Gl>'cogcn content of the blood (as mgm per cent of glu- 
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cose) case 1 (boy) 26, 25, 23 05, 27 5, 22 9, 26 62, 26 25, 24, 28, 25, mean 
value 25 43 Case 2 (girl) 23 75, 23, 20, 19 25, 21 25, 18 75, 21 35, 21, 
mean value 21 04 It appeared that the increase was prmapaUy caused 
by an increase of the glycogen m the blood cells — ^In children under 12 years 
of age, with the exception of our patients, we found by our method only 
two glycogen values above 20 mgm per cent (m a premature child and m 
a child with m i l iary tuberculosis) , as a rule the values were much lower and 
corresponded to those recently obtamed by Staub and Gola^idas On these 
grounds we thought we were justified provisionally in saymg that the eleva- 
tion of the glycogen content of the blood was of some diagnostic value m the 
diagnosis of hepatomegaha glycogemca We said “provisionally'’ because 
blood of infants with other forms of liver hypertrophy was not available In 
adults with liver hypertrophy values such as those found m both of our 
children also occur When the number of leucocytes is greatly mcreased, 
this m itself may be the explanation of a marked elevation of the glycogen 
content In an adult female patient with myeloid leukemia and a large 
hver (150 000 leucocytes) we found a very high glycogen content of the 
blood m two determmations, 48 5 and 71 mgm per cent, expressed as 
glucose 

As to the sphttmg of the glycogen of the blood we agreed with Gdbie 
m judging that this glycogen <;ould be spht only with difficulty Blood was 
collected with aseptic precautions and received m sterile tubes After 
mcubation for 1| hours at 37°C the blood of our patients showed no spht- 
tmg of its glycogen In normal children the blood glycogen not uncom- 
monly showed marked sphttmg m the same time — ^In keepmg the blood for 
48 hours at 37°C we constantly found a defimte but varymg decrease of the 
glycogen content of normal blood In our patients the decrease of the 
glycogen content of the blood under the same conditions which are so favor- 
able for sphttmg, proved to be smaller than the mean decrease in the con- 
trol patients and it scarcely agreed with the lowest values found m control 
children F ur ther , we found that glycogen added to the serum of our patients 
and to the serum of control patients was split by both in the same degree 
and m the same time These experiments may indicate that m our pa- 
tients the glycogen m some way or another was more protected against 
sphttmg than m the control patients 

Our next step was to find out whether by mixmg the blood of our pa- 
tients with that of control children and keeping it for 48 hours at 37°C , 
the sphttmg of the blood glycogen of our patients could be accelerated 
Increased glycogenolysis was not constantly found, however, so that we 
were not justified m concludmg, as we thought at first, that there existed 
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m normal blood a substance which favored the sphtting of the blood glj co- 
gen of our patients 

We did not thmlr we were justified, when we knew so much about 
the metabohsm of our children, in having a laparotomy performed and 
a biopsy made of the hver m our second case. We tned to demon- 
strate the presence of much glycogen m available cells However, m 
this second case, m epithehal cells (mucous membrane of the cheek, 
cells of the pelvis of the kidney m the sediment of freshly voided unne) 
we could demonstrate no glycogen by the stainmg method of Best, 
nor could we find an mcreased amount of glycogen in the urme In 
the leucocytes from a small granuloma at the root of a molar we found 
much glycogen This in itself certainly had no great significance, 
but the absence of glycogen m this tissue would not have been in 
keepmg with the morbid picture 

In summanang the above results of the chmco-chemical investiga- 
tion, we found m both of our cases 

1 A combination of hypoglycemia and ketosis m the fastmg con- 

dition 

2 An abnormal adrenahn effect, expressmg itself by 

a Absence of a distinct elevation of the blood sugar 
b A marked mcrcase of the ketosis 

c. Only a small elevation of the lactic aad content of the blood 

3 An abnormal blood sugar curve after ingestion of glucose, unac- 

companied by glycosuna 

4 No diminution in tolerance to galactose and fructose 

5 Absence of the so-called mitial insulin hyperglycemia 

6 Normal values for the diastase activity of blood and unne and 

normal diastase activating effect of the scrum 

7 Increased gl) cogen content of the blood, which could not be ex- 

plained by Icucocj tosis 

8 Normal glycogen splittmg activity of the blood scrum 

9 Decreased glycogenolysis of the blood glj cogen m incubation for 

two days at 37°C , compared with control cases 

10 Normal protan partition in the blood plasma, cspcaally no in- 

crease of the globulin content 

11 Hypcrcholestennemia with normal relation between free chole- 

sterol and cholesterol esters 
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m normal blood a substance which favored the sphtting of the blood glj co- 
gen of our patients 

We did not tbinV we were justified, when we knew so much about 
the metabohsm of our children, m having a laparotomy performed and 
a biop^ made of the hver m our second case We tned to demon- 
strate the presence of much glycogen m available cells However, m 
this second case, m epithehal cells (mucous membrane of the cheek, 
cells of the pelvis of the kidney m the sediment of freshly voided unne) 
we could demonstrate no glycogen by the staimng method of Best, 
nor could we find an mcreased amount of glycogen m the unne In 
the leucocytes from a small granuloma at the root of a molar we found 
much glycogen This m itself certainly had no great agnificance, 
but the absence of glycogen in this tissue would not have been m 
keeping with the morbid picture 

In summarmng the above results of the chnico-chemical mvestiga- 
tion, we found in both of our cases 

1 A combination of hypoglycemia and ketosis m the fasting con- 

dition 

2 An abnormal adrenahn effect, expressing itself by 

a Absence of a distinct elevation of the blood sugar 
b A marked mcrease of the ketosis 

c Only a small elevation of the lactic acid content of the blood 

3 An abnormal blood sugar curve after ingestion of glucose, unac- 

compamed by gljcosuna 

4 No diminution in tolerance to galactose and fructose 

5 Absence of the soolled imtial insulin hyperglycemia 

6 Normal ^ alues for the diastase activity of blood and unne and 

normal diastase activatmg effect of the serum 

7 Increased glycogen content of the blood, which could not be ex- 

plained by Icucoc} tosis 

8 Normal glycogen spbttmg activity of the blood scrum 

9 Decreased glycogcnolysis of the blood glycogen in incubation for 

two davs at 37°C , compared with control cases 

10 Normal protein partition in the blood plasma, especially^ no in- 

crease of the globuhn content 

11 Hypercholestenncmia with normal relation between free chole- 

sterol and cholesterol esters 
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Our conception that the disturbances in metabohsm in our cases 
were more or less typical for glycogen hver, then was strengthened in 
our opmion by the description of cases from other sources Before 
gomg mto the details of these cases of hepatomegaha glycogemca which 
have been described m recent years, the foUowmg facts must be noted 
In glycogen disease we are deahng not only with an abnormal ac- 
cumulation of glycogen m the hver, but m other organs as well Von 
Gierke has observed an accumulation m the kidneys, organs in which 
the glycogen is found only under exceptional conditions (especially m 
diabetes melhtus, and in the fetus and new-born infant) However, 
it has been estabhshed with certamty from more recent mvestigations 
that m cases of glycogen disease, an mcreased glycogen content could 
be found m nearly all the organs examined at autopsy But only m 
certain organs was this finding accompamed by any considerable 
enlargement These organs showmg enlargement were m some of the 
cases hver and kidneys together, as m the first cases reported by 
von Gierke In the majority of the cases the hver was pathologically 
enlarged, whereas the kidneys were of normal size Next to this there 
have been described a number of cases m which the glycogen accumu- 
lation, combined with considerable enlargement of the organs, con- 
cerned especially the heart and m a few cases also other organs This 
enlargement of other organs than the hver, caused by accumulation 
of glycogen, wiU be discussed m separate chapters 

Are the deviations from the normal metabohsm, found m cases of 
hepatomegaha glycogemca, typical for this disease? Properly speak- 
mg, we should be influenced only by the alterations found m those 
cases m which the diagnosis of glycogen-hver has been confirmed by 
autopsy or by a biopsy of the hver dunng life Indeed there is a 
hrmted number of cases which satisfy these requirements The 
alterations found m those cases were for the greater part and m a high 
degree analogous to those which we had already estabhshed m both 
our patients 

Most of the cases of kepatomegalia glycoge^iica give a similar history 
Rarely directly after birth, often dunng the first months of hf e or some- 
times even later, an enlargement of the circumference of the abdomen 
to a more or less considerable degree is established A large hver 
can be felt and one has to think of a disease of the hver itself, or of a 
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tumor, at this age especially of the adrenals, with mctastascs m the 
hver Often an enlargement of the left lobe of the hvcr is taken for 
a spleen If then, as not rarely happens, an exploratory laparotomy 
is performed, generally an enlarged liver is found, normal in color and 
consistency The enlargement as a rule is ertraordinar> , the left 
lobe of the hvcr often appears to reach far mto the left hj’pochondnum 
The combination of a large hver and erroneously diagnosed large 
spleen has often given nsc to various diagnoses The following ob- 
servation of Bcihngbam Smith and O’Flyim is of mterest m this re- 
spect, but also from another p>omt of view 

On Feb 16, 1931 a boy of sue jears was admitted into the hospital for 
coughing, breathlessness and abdominal pains The mother had first 
nobced some enlargement of the abdomen at the age of fifteen months 
He was demonstrated m 1931 as a case of Gaucher’s disease This last 
diagnosis was based on tissue pulp, contammg large dear cells, from what 
WES thought to bo a splemc puncture, but which m reality was got by punc- 
ture of an enormously enlarged left lobe of the hver The child showed a 
clinical picture that is seen in many cases of hcpatomegalia glj cogenica 
it was too small for its age, the head was abnormally large, the face was fat 
and flabb} The abdomen protruded to a considerable degree, while the 
rest of the trunk and limbs were poorlj cerv cred The muscular develop- 
ment of the lower Irnibs was parbcularly poor The boj showed a very 
marked pigmentation all over the body and a profuse, abnormal growth of 
Iiair The mental development was considerably retarded The liver was 
greatly enlarged Death on Dec. 27, 1931 — At the autopsv weight of 
the hvcr Z500 gm , spleen 75 gm Kidneys slightly enlarged Suprarenals 
and pancreas normal The hvcr was smooth, firm, pale buff in color, 
consistency of hard rubber, cut surface was smooth, hemogeneous, very 
dense and somewhat translucent 

Scebons of the liver stained by hematoxylin and van Gteson’s atom 
showed under the high power vucuolc formation in the liverccllswhich 
were increased m sire, prescmiUon of the nucleus in most cells and inacase 
m connective tissue The substance m the liver cells consisted of some 
material which was neither fat nor lipoid and was not doubly refractile. — 
The clinical diagnosis of Gaucher’s disease prevaouslj arrived at, bad to be 
rejected — Sections stained for glycogen were negative 

An inquiry into the family hlstoo showed that one of the other children, 
a girl, also had a very cninrged liver, and died of terminal pneuraoma at 
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the age of twenty months At the post-mortem the spleen was only 
shghtly enlarged, the liver was enormous, weighmg 1190 5 gm The hver 
was descnbed as havmg no typical parenchyma and bemg in a state of 
extreme fatty degeneration — ^The authors are strongly inclmed to accept 
that m their case the enlargement was due to glycogen storage, as in von 
Gierke's case The fact that they were unable to demonstrate ^ycogen m 
their case is ascnbed to the fixative used 

Certainly m this case we had to do with 1 a hepatomegaha of 
familial character, accompamed by 2 heavy pigmentation, and ab- 
normal growth of hair on the body Furthermore, dunng hfe with the 
methods apphed no signs of hver msuffiaency could be found Extra- 
ordinary enlargement of the hver, pecuhar color and consistency, the 
appearance of its cut surface and a pecuhar appearance of the hver 
cells themselves on microscopic exammation were features The 
large inflated cells of the hver showed a surpnsing resemblance to those 
found m cases of irrefutable hepatomegaha glycogemca We were 
able to convmce ourselves of this fact by the exammation of a section 
of the hver presented to us by Dr O'Flynn Whether we had to deal 
here with a famihal hepatomegaha glycogemca is very uncertain, the 
more so smce in the deceased sister extreme fatty degeneration of the 
hver had been found This pomt will be discussed later on 

Of those cases of glycogen disease m which the diagnosis dunng hfe 
has been confirmed by biopsy of the hver, we shall mention first the 
one of Beuvier and Lgeschke They studied a child with a disturbance 
of the carbohydrate metabohsm analogous to that m our first patient 

The patient reported by Beumer and Loeschke was a boy of three years 
of luetic parents The mental and bodily development was essentially 
normal After the first year of life the abdomen became more and more 
distended, the diagnosis of luetic hepato-spenomegaly was made In vain 
the boy was treated with stovarsol and bismogenol At the exploratory 
laparotomy at the age of three years the boy appeared to have an enor- 
mous, smooth hver Both lobes were separated by a deep fissure The 
liver extended on both sides to the border of the pelvis — Exammation by 
Piitschar of the small piece of liver removed at operation showed a um- 
form and marked accumulation of glycogen m all the hver cells (Bej/-stain) 
The cells as a result of their mcreased size greatly resembled plant cells 
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Clinically this child now and then suffered from attacks of deepened 
respiration and distinct hunger for carbohydrates The examination of the 
metabolism demonstrated that there existed 

1 Acetonuna, which did not disappear when the child took the usual 
meals for chddren of his age, with hypoglycemic xmlues m the fasting con- 
dition ranging from about SO to nearly 70-90 mgm per cent, the normal 
values 

2 After the ingestion of 40 mgm of glucose a long lasting hypergli cemia 
without glycosuria and without the disappearance of the acetonuna The 
tolerance for galactose was at the level of 30 gm The stronger anU keto- 
genic effect of galactose m comparison to glucose could be inferred in this 
case from the disappearance of the acetonuna 

3 After the injection of adrenalm only a minimal elevation of the blood 
sugar content Adrenalm injected subcutaneously together with 20 gm 
of glucose administered orally at the same time, ga\e an increased ace- 
tonuna and no glycosuria as normally Excessive sensitiveness to insulm 

4 Moderately increased glycogen content of the blood, which perhaps 
could be explained by leucocytosis (24,800 white cells of which 86 per cent 
were leucocy tes) 

5 Diastase of the blood serum slightly decreased, that of the 24 hours 
unne greatly Increased 

For the most part these results are similar to those wc found in 
both our patients The authors earned out a test with a fat meal m 
their case, the result of which was thought to be of diagnostic sig- 
mficance We shall refer to this test later on 
The results of the expenments with ndrenahn and insulm led the 
authors to conclude that it was uncertmn whether the accumulation 
of glycogen and the inabihty to mobilize it were connected mth a 
hj'pcr — or hypoproduction of one of the two hormones concerned — 
They could not gve an explanation for the abnormally large excretion 
of diastase in the unne 

Shortly after the publication of Bcumer and Locsclikc there ap- 
peared the commumcation of Sc/iall on three cases of hepatomegalia 
glycogcnica In one of these three cases (the girl) an exploratory 
laparotomy was performed and a small piece of h\er was removed for 
closer examination 
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The children reported by Scholl were, respectively, eight and one-half 
years old (girl), fourteen months old and four years old (both boys), when 
they were examined for the first time In all three cases mvestigation of the 
family was unsuccessful At birth the children did not have any peculiar- 
ity The first abnormahty to strike the attention of the parents was the 
mcrease in the circumference of the abdomen, this was observed m the sec- 
ond patient as early as the fourth week of hfe This child was very delicate, 
whereas the other two children were strong, even strikingly big children 
All three were late in leammg to stand and to walk 

In the first and third patient an mcreasmg adiposity developed, espec- 
ially in the first, which suggested a disturbance of the mternal secretions 
In aU three the mental development was normal Two showed a defimte 
disposition to mfections 

Scholl draws special attention to the t}rpical external habitus m his own 
cases marked adiposity with a distribution of fat diffenng from that found 
m dystrophia adiposo-gemtahs Chmcally no evidence was found for a 
hypophyseal disturbance, nor m the girl was there mdication of any dys- 
function of the th}u:oid gland or ovary The skeleton was slender and deh- 
cate m structure The ossification m all three cases showed retardation 
which was, however, withm the physiological limits The musculature was 
moderately developed, especially m the first two cases and the tonus was 
decreased — ^All three children showed a marked retardation of growth m 
stature, espeaaUy the girl who m addition was much too heavy In none 
of the cases was the heart enlarged — ^In all three children the liver was 
greatly enlarged The skm of the abdomen displayed the pattern of the 
vems without a pronounced caput Medusae The surface of the liver was 
smooth The organ itself was not particularly firm or hard, not painful 
when pressed, and showed no pulsation In the gurl the notch was defimtely 
to the left of the umbihcus At the exploratory laparotomy on the gurl 
the liver was found to have a smooth, glossy surface and was red m color, 
perhaps somewhat more red than normal Histological exammation of the 
piece of hver, which on removal was immediately fixed m alcohol, demon- 
strated a sweUmg of the hver cells with glycogen, with some affection, also, 
of the nuclei In a small piece of vmscle which was removed at the same 
time, no glycogen was found 

The blood picture did not show any abnormality, m particular there was 
no leucocytosis or relative lymphocytosis The blood serum was normal 
m color No glycogen could be demonstrated m the blood — ^The Man- 
toux-reaction was positive only m the first patient and then only feebly so, 
but the child did not show clmical indications of tuberculosis Sugar 
was never found m the urme 
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In the first case there was nearly always acetonuna and excretion of 
dmcetic aad while the patient was fasting Two to three hours after the 
first meal the ketonurk disappeared In the second case acetonuna was 
present only during the penod of fever In the third case acetonuna 
occurred occasionally during a fast and after food had been taken but very 
inconstantly An explanation for this variation could not be found 
In all three cases of Sdiall a hypoglycemia existed, the lowest values 
found m the three cases were 24, 25 and 19^ mgm per cent respectively 
At the time when those low values existed m the blood there were no climcal 
symptoms of hypoglycemia, as occur in hypennsulimsm 

The blood sugar curve after the tolerance test with glucose was abnormal 
m all three cases a more or less qmck elevation was followed by a retarded 
decrease, while the level at the beginning of the test was not reached even 
after three to four hours Also, after the tolerance test with other sugars 
and with starch a retarded curve was obtained. Repeated ingestion of 
sugar according to the Statib-TraugoU method gave an abnormal result, 
i t, no flattenmg of the blood sugar curve after the second, and espeaally 
after the third mgestion of sugar, but an abnormally high curve with an 
elevation which lasted for three hours 

In all three cases mjection of adrenalin, though havmg a distinct effect 
on the circulation, did not produce any effect on the blood sugar level 
In the eldest child, the girl, the basal metabolism was found to be m- 
creased, +53 and +16%, respectively, in two determinations The 
respiratory quohent after the tolerance test with glucose was increased, 
after two hours and after four hours it was still found to be mcreased, its 
value did not rise higher than unity, however 

The adiposity, charactenstic in some of the children, could be ex- 
plained according to Schall on the basis that as the glycogen-depots are 
overfilled, fat is formed from the sugar of the food An argument for 
this hypothesis is perhaps found m the late elevation of the respiratory 
quotient after the ingestion of glucose 
In accordance wnth the findings of Scliimlietmer, Schall is of the 
opimon that perhaps a failure or disturbance of the function of the 
diastase of the liver is the prinapal cause of the morbid picture 

At about the same tunc as Schall, Unshdm desenbed two cases in 
two brothers Moreover, the author m a later publication stated that 
both grandmothers of the patients were cousins 
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Both children died in the second year of life The mother of the first 
child, when the latter was five months old, had the impression that he was 
very dehcate, at the age of one year growth was greatly retarded, and the 
dnld was still unable to stand From birth the abdomen must have been 
very distended and this distension had mcreased durmg the last months 
before the child was taken mto the hospital When about one and one 
half years old convulsions occurred When twenty months old the child 
had full red cheeks and the whole body was covered with lanugo hairs 
There was a suffiaent layer of fat, the muscles were soft, the turgor was 
good The abdomen was enormous, the liver palpable, hard and smooth, 
spleen not enlarged Exploratory laparotomy was performed, the hver 
proved to be greatly enlarged , hver puncture gave no results Three weeks 
later the child died No autopsy Nothing is stated with regard to blood 
or urme 

The other chdd was bom with a very large hver (birth weight 4750 
gm ) Three weeks after birth mcreasmg distension of the abdomen was 
noted At the age of fourteen months the layer of fat and the muscles were 
moderately developed and soft The hver occupied nearly the whole 
abdomen At the age of twenty months the possibility of a familial glyco- 
gen disease was considered for the first time The boy was then greatly 
retarded m height and weight, looked much younger than his age, but had 
red and full cheeks with ectasias of the veins Abdomen and liver were 
enormous, the lower extremities were remarkably thin There was fine 
lanugo on the upper part of the trunk The child was unable to sit upnght 
unaided In the fasting condition the expired air had the odor of acetone 
Shortly after this examination hyperpyrexia developed and death occurred 
after a week’s stay m the hospital 

Rontgenologic exammation durmg life had demonstrated a marked os- 
teoporosis with the characteristic S)miptoms of irregular growth Develop- 
ment of the nuclei of the bones was greatly retarded The urme in the 
fastmg condition showed almost no reduction After food had been taken 
a weak reduction was noted and a shght ketonuna Stnkmgly large 
amounts of diastase were demonstrable m the urme This diastase ap- 
peared to be able to split starch as well as glycogen — ^There was moderate 
anemia and slight leucocytosis with relative lymphocytosis The diastatic 
ferment m the blood was not absent 

At autopsy' (performed by KivmdsUd) the heart did not appear to be 
enlarged (weight 50 gm ) The hver weighed 1600 gm , the kidneys each 
weighed 45 gm The adrenals were somewhat smaller than normal On 
histological exammation the mterlobular connective tissue m the hver 
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proved to be definitely inaeased, m addition there was present a moderate 
fatty infiltration of the liver cells The protoplasm of these cells was 
very rich in glycogen The kidneys contamed less glycogen than the 
liver but large amounts of it were found in the lymph spaces and in the 
fibers of the heari muscle, in the lymph spaces and m the sarcolemnm of 
vanous striated muscles, and in different parts of the brain The distnbu 
tion of gl> cogen, therefore, was very peculiar m this case — In the pancreas 
some enlarged islets were present alongside many normal ones In the 
organs of mternal secretion no glycogen was found — When examined seven 
days after death the glycogen content of the viscera appeared to be about 
the same as previously In the hver the amount of glycogen present was 
found to be 14 2% (moist weight), which was more than SchBnheimer could 
find m the case of eon Gierke (10 43%) 

Both ScliSnhetmer and Uushdm earned out detailed studies with 
reference to the cause of the stability of the glycogen As has been 
mentioned before, van Gierke and Schtmheimer had concluded, es 
peaaUy from the autolysis experiments, that the accumulation of 
glycogen in eieo (m hver and kidneys) and the disturbed postmortem 
destruction of the hver glycogen in glycogen disease was caused by the 
absence of the diastatic ferment m the hver The glycogen isolated 
from the hver proved to be converted normally when amylase was 
added This conception seemed to conflict with the expenence of 
some investigators who found that m the blood and urme of patients 
with glj cogen disease the diastase is present m normal or even m 
increased quantity Unshelm was able to find, furthermore, that 
starch added to the pulp of hver in his case was converted in n normal 
way, so the hver itself apparently contained a suffiaent quantity of 
active diastase ferment Conversely, when he added intact li\ er to 
the minced hver m his case, the glycogen was quickly destroyed 
Thus one had to assume that, on the one hand, there was present 
active diastase ferment in the blood and in the hver, and, on the other 
hand, that the (accumulated) glycogen could be split If this in vivo 
and postmortem destruction of glycogen m the glycogen hv cr (and in 
some other organs) could be performed onlj with difficulty, then this 
peculiarity might be explained, nccordmg to Unshelm, by the fact that 
in this disease the glycogen is protected against glj cogenol}'sis in some 
pecuhar waj He thought, more especially, of an abnormally strong 
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adsorption or chemical fixation of glycogen to protem, which might be 
loosened relatively easily 

The pathologist, Ktmmelsiiel^ who performed the autopsy m this 
case also reported some mterestmg researches on the nature of the 
disease Based on the results of these he saw the cause of the failure 
of the glycogen to be destroyed m the glycogen itself In glycogen 
disease the blood sugar may already be heterotypical and the glycogen 
formed from it by polymerisation should have a structure deviatmg 
from the normal This should brmg about a very retarded destruction 
of glycogen m the hver by fermentation Even if the destruction took 
place m a normal way, the glycogen must accumulate to a high degree 
Ktmmelstiel, for instance, found that glycogen from the glycogen hver 
gave, when destroyed by means of diastase, a product which was 
25-28 per cent smaller than that which could be obtamed from gly- 
cogen from another source (dogs, glycogen of Kalilhaum) 

Faber was also able to perform an autopsy on a child with glycogen 
disease, a girl who died at the age of twenty-seven days 

The child was bom somewhat prematurely, and weighed 2300 gm 
Directly after birth the very distended and firm abdomen was a promment 
feature From the third day of life on, the baby suffered at mtervals from 
diarrhoea, shortly before death it had fever and suffocatmg cough At 
autopsy ‘ffiepato-nephro-megaha glycogemca” was found, as m the cases of 
von Gterke The autopsy was performed twenty-eight hours after death — 
The weight of the hver was 425 gm , of the left kidney 25 gm , of the right 
23 gm In the hver the glycogen was found to be 15 3% by moist weight, 
m the kidneys 5 9% The pancreas furthermore contained only a few 
islets of Langerhans, which, as in the case of Un^helm-Kiinmdstiel, had 
partially undergone pathological change, viz abnormal enlargement 
Along with this were also found signs of pancreatitis 

Together with Vend6g, Faber performed some experiments with the 
glycogen isolated from the hver of this child, m order to control the 
above mentioned h)rpothesis and experiments of K%mmelsttel The 
behavior of this glycogen, however, with regard to its fermentative 
destruction with diastase preparations, as weU as its complete destruc- 
tion by boihng with diluted HCl, did not differ from that of glycogen 
preparations which had been prepared m other ways Thus the 
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hypothesis of Ktmmdshel with regard to the pathological nature of the 
glycogen m glycogen disease could not be confirmed 

Lindsay, Ross and Wtgglesworih recently descnbed a case m a 
French Canadian boy 

When seven months old the boy b^an to vomit, and his abdomen was 
noticed to be unduly large He kept on with frequent attacks of vomitmg 
and his abdomen continued to enlarge slowly At the age of 27 months the 
child was rather short and gave the impression of bemg very fat The 
nutntion of the arms and legs was, however, poor, muscles were soft and 
flabby Mentally he was very plaad and cooperative — Systohc murmur 
at the apex of the heart Heart not enlarged Dilated superficial veins 
over the upjier part of the abdomen Surface of the enormously enlarged 
hver smooth and firm Gemtalia normal 

Hypoglycemia m the fasting condition, rangmg from 20 to 37 mgm 
per cent —Low sugar tolerance curve, no glycosuria, no acetonuna No 
nsc m blood lacbc add after mjectlon of adrenalin, but slight acetonuna 
Llpemia and high blood cholesterol Tests with sugars for In er function 
gave normal figures The biochemical findings closely corresponded to 
those found m our two patients 

Biopsy of the hver was done Chemical analysis of a section of the 
hver revealed three tunes the normal amount of glycogen and only 
one-third of the amount of fat usually found Microscopic sections 
stained for glycogen gave the typical appearance found in glycogen 
hver Furthermore, signs of an early cirrhosis of the portal type uere 
found The boy exhibited a definite penchant for potatoes and bread, 
and was unable to walk without assistance The patient died shortly 
afterwards from a rapidly progressive pneumonia At the autopsy 
the hver w as found to weigh 2150 gm , lc , about four times the normal 
Weight at this age The spleen was slightly enlarged, the heart, 
kidneys and endocrine glands were not grossly affected 
We now proceed to describe the more recently pubhshed cases of 
glycogen hver In the majority autopsy or biopsy confirmation is 
lacking but it was furmshed in the three cases of Kmkower, the 
second case of Hnmapp and the recently case of von Gierke 
Rxehaquet in 1931 described three members of one family — older 
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adsorption or chemical fixation of glycogen to protem, which might be 
loosened relatively easily 

The pathologist, Ktmvtelshel, who performed the autopsy in this 
case also reported some mterestmg researches on the nature of the 
disease Based on the results of these he saw the cause of the failure 
of the glycogen to be destroyed m the glycogen itself In glycogen 
disease the blood sugar may already be heterotypical and the glycogen 
formed from it by polymerisation should have a structure deviatmg 
from the normal This should bnng about a very retarded destruction 
of glycogen m the hver by fermentation Even if the destruction took 
place in a normal way, the glycogen must accumulate to a high degree 
Ktmmelstul, for mstance, found that glycogen from the glycogen hver 
gave, when destroyed by means of diastase, a product which was 
25-28 per cent smaller than that which could be obtained from gly- 
cogen from another source (dogs, glycogen of Kahlbaum) 

Faber was also able to perform an autopsy on a child with glycogen 
disease, a girl who died at the age of twenty-seven days 

The child was bom somewhat prematurely, and weighed 2300 gm 
Directly after burth the very distended and firm abdomen was a promment 
feature From the third day of life on, the baby suffered at mtervals from 
diarrhoea, shortly before death it had fever and suffocatmg cough At 
autopsy ‘^hepato-nephro-megaha glycogemca” was found, as m the cases of 
von Gierke The autopsy was performed twenty-eight hours after death — 
The weight of the hver was 425 gm , of the left kidney 25 gm , of the right 
23 gm In the hver the glycogen was found to be 15 3% by moist weight, 
m the kidneys 5 9% The pancreas furthermore contained only a few 
islets of Langerhans, which, as m the case of Unshelm-Ktmmelstiel, had 
partially undergone pathological change, viz abnormal enlargement 
Along with this were also found signs of pancreatitis 

Together with Vend6g, Faber performed some experiments with the 
glycogen isolated from the hver of this child, m order to control the 
above mentioned hypothesis and experiments of Ktmmelstiel The 
behavior of this glycogen, however, with regard to its fermentative 
destruction with diastase preparations, as well as its complete destruc- 
tion by boilmg with diluted HCl, did not differ from that of glycogen 
preparations which had been prepared m other ways Thus the 
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hypothesis of Ktnmdsitd -with regard to the pathological nature of the 
glycogen in glycogen disease could not be confirmed 

Ltndsay, Ross and Wtgglesworih recently described a case m a 
French Canadian boy 

When seven months old the boy began to vomit, and his abdomen was 
noticed to be unduly large. He kept on with frequent attacks of vomitmg 
and his abdomen contmued to enlarge slowly At the age of 27 months the 
child was rather short and gave the impression of being very fat The 
nutation of the arms and legs was, however, poor, muscles were soft and 
flabby Mentally he was very plaad and coSperative — Systobc murmur 
at the apex of the heart. Heart not enlarged Dilated superficial veins 
over the upper part of the abdomen Surface of the enormously enlarged 
hvtr smooth and firm Gemtaha normal 

Hypoglycemia in the fasting condition, ranging from 20 to 37 mgm 
per cent — ^Low sugar tolerance cun e, no glycosuria, no acetonuria No 
nse m blood lactic aad after mjection of adrenalin, but slight acetonuna, 
lipemia and high blood cholesterol Tests with sugars for liver function 
gave normal figures The biochemical findmgs closely corresponded to 
those found m our two patients 

Biopsy of the hver was done Cheimcal analysis of a section of the 
hver revealed three tunes the normal amount of glycogen and only 
one third of the amount of fat usually found Microscopic sections 
stained for glycogen gave the typical appearance found in glycogen 
hver Furthermore, signs of an early cirrhosis of the portal tyj/e were 
found The boy exhibited a defimte penchant for potatoes and bread 
and was unable to walk without assistance The patient died shortly 
aiterwards from a rapidly progressive pneumoma At the autopsy 
the hver w as found to weigh 2 ISO gm , i e., about four tunes the normal 
^aght at this age The spleen was shghtly enlarged, the heart, 
tidneys and endoerme glands were not grossly aflfected ’ 

We now proceed to describe the more recently published cases of 
giy^en hver In the majority autopsy or biopsy confirmation is 
lacking but It was furmshed in the three cases of Krakower the 
Ktand case of Harnapp and the rccenUj case of von Gierke ’ 
Bxchaquet in 1931 desenbed three members of one family-older 
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boy and twin sisters— with a congenital hypertrophy of the hver 
and retardation of growth 

The author, after investigation of his cases and discussion of the litera- 
ture, thought It most likely that in his cases the hepatomegalia was caused 
by an abnormal accumulation of glycogen The hypoglycemia, the blood 
sugar curve after ingestion of glucose, the hyperliperma and hypercholes- 
terolerma, the presence of acetone and diacetic aad m the unne especially 
one and one half hours after the mgesbon of glucose, the acidosis, the nor- 
mal tolerance for fructose and galactose, aU now seem to be in favor of this 
diagnosis However, several features encountered in the cases give them 
a peculiar character a, it is regarded as almost certam by the author that 
the hver, even at birth, was much enlarged, h, though there existed a re- 
tardation of growth, the t 3 rpical impression of an endocrme insufficiency 
such as IS present for the most part m cases of glycogen liver was not pres- 
ent, c, aU three patients showed a caput Medusae on the abdommal wall 
and m the twm sisters a little asates was noticed, d, urobilm or urobihno- 
gen was not constantly absent and was even mcreased m one of the patients, 
e, a symptom now regarded as fairly typical for cirrhotic processes, e g an 
mcrease of the globulm content of the serum (Bendten and Snapper), was 
very probably present In every case the author found a much increased 
protem content of the serum combmed with a much mcreased sedimentation 
rate The combination of symptoms present m these cases offers a splendid 
illustration of the difficulties which the problem of the biochemical recogni- 
tion of a glycogen liver sometimes presents, especially with regard to the 
differential diagnosis from cirrhosis of the liver 

Unshelm in 1934 descnbed a doubtful case of glycogen disease, m 
which X-ray treatment of the hver may have improved the condition 

The child, when seven weeks old, had a distented firm abdomen At 
the age of three months the child was badly developed, and showed a net- 
work of vems on a very distended abdomen, which was nearly totally filled 
by a large, smooth, hard tumor (hepatomegalia glycogemca?) The abdo- 
men was treated with Rongten-rays twice at the same time the child was 
treated with ultraviolet hght Twelve weeks after the irradiation the liver 
was still enlarged, but the distention of the abdomen had decreased At 
the age of rune months general condition excellent, liver much smaller 
Before the irradiation the urme on several occasions contamed small quanti- 
ties of sugar, twice after the mgesbon of 10 gm of galactose there was a 
marked and long-lasbng excrebon of sugar (!) Two and one half months 
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after the irradiation there was no more excretion of sugar under similar 
conditions Five weeks after the irradiation the blood sugar cur\ e after 
mgesUon of 7 5 gm of glucose was entirely normal The blood sugar con- 
tent In the fasting state fluctuated widely, the lowest value found being 53 
mgm % Nine days after the second Irradiation subcutaneous injection 
of 05 mgm of adrenalm caused a small elevation of the blood sugar dunng 
the second and third hour after the injection (from S3 to 82 mgm %) In 
repeatmg this experiment later on, the elevation of the blood sugar became 
more pronounced, twent> four weeks after the irradiation the blood sugar 
content rose from 110 mgm % before the injecbon to 260 mgm % after- 
wards In the begmnmg acetone was always absent from the urine, only 
when the child was mne months old did the unne one to two and one half 
hours after mjection of adrenalm and after a fasting time of mne and one 
half to eleven hours contam acetone and traces of diacetic aad 

The decrease in size of the congenital liver hypertrophies treated by 
\ rays noted in other cases {Ylppb) was thus found here, also, and 
with It went an improvement m the condition of the child The 
tendency to acetonuna after the injection of adrenalin, absent in the 
beginning, became mamfest later on, when a normal elevation of the 
blood sugar content had taken place This result is indeed very 
pecuhar The author sees some analogy to the case of TI'’orj/cr- 
Drouglil to be discussed later on — The therapy applied m this doubt- 
ful case of glycogen hver will be discussed presently 

Warner reported on a case in a girl, aged five years, perhaps there 
onsted in this case a familial condition 

The girl, when two years old, had a bronchitis, followed by an obstruc 
111 e jaundice lasting seven days When the jaundice was clearmg up, the 
abdomen was noted to be extreme!} large and it remained enlarged When 
file } ears old, the girl weighed onl} 28 lbs and was only 33} in in height 
The hver was very large, its surface smooth, not tender Spleen not 
palpable. When starved, the blood sugar fell to as low asO 048%) and ace- 
tone was then found m the urme Acetone was increased two and one 
half hours after the ingestion of 20 gm of glucose. During the glucose test 
no sugar npjieared in the urme The nse of the blood sugar after glucose 
was about normal After 4 minims of adrenalin subcutaneously the blood 
•ugar rose very little, as compared with a control child of the same age 
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boy and twin sisters — ^witb a congenital hypertrophy of the hver 
and retardation of growth 

The author, after investigation of his cases and discussion of the htera- 
ture, thought it most hkely that m his cases the hepatomegaba was caused 
by an abnormal accumulation of glycogen The h3TDoglycenua, the blood 
sugar curve after mgestion of glucose, the hyperliperma and hypercholes- 
terolemia, the presence of acetone and diacetic acid m the urme especially 
one and one half hours after the mgestion of glucose, the acidosis, the nor- 
mal tolerance for fructose and galactose, all now seem to be m favor of this 
diagnosis However, several features encountered in the cases give them 
a peculiar character a, it is regarded as almost certam by the author that 
the hver, even at birth, was much enlarged, b, though there existed a re- 
tardation of growth, the typical impression of an endocrme insufficiency 
such as IS present for the most part m cases of glycogen liver was not pres- 
ent, c, all three patients showed a caput Medusae on the abdommal wall 
and m the twm sisters a little asates was noticed, d, urobilin or urobibno- 
gen was not constantly absent and was even mcreased m one of the patients, 
e, a symptom now regarded as fairly typical for currhotic processes, e g an 
mcrease of the globulm content of the serum {Betidun and Snapper), was 
very probably present In every case the author found a much increased 
protem content of the serum combmed with a much mcreased sedimentation 
rate The combmation of symptoms present m these cases offers a splendid 
illustration of the difficulties which the problem of the biochemical recogni- 
tion of a glycogen liver sometimes presents, especially with regard to the 
differential diagnosis from cirrhosis of the liver 

Uiishelm in 1934 descnbed a doubtful case of glycogen disease, in 
which X-ray treatment of the hver may have improved the condition 

The child, when seven weeks old, had a distented firm abdomen At 
the age of three months the child was badly developed, and showed a net- 
work of vems on a very distended abdomen, which was nearly totally filled 
by a large, smooth, hard tumor (hepatomegalia glycogenica?) The abdo- 
men was treated with Rongten-rays twice at the same time the child was 
treated with ultraviolet bght Twelve weeks after the irradiation the liver 
was still enlarged, but the distention of the abdomen had decreased At 
the age of nme months general condition excellent, liver much smaller 
Before the irradiation the urme on several occasions contamed small quanti- 
ties of sugar, twice after the mgestion of 10 gm of galactose there was a 
marked and long-lastmg excretion of sugar (1) Two and one half months 
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after the irradiation there was no more excretion of sugar under similar 
conditions Five weeks after the irradiation the blood sugar curve after 
ingestion of 7 S gm of glucose was entirely normal The blood sugar con- 
tent m the fastmg state fluctuated widely, the lowest value found being 53 
mgm % Nbe days after the second irradiation subcutaneous mjection 
of 0 5 mgm of adrenalm caused a small elevation of the blood sugar during 
the second and third hour after the mjeebon (from S3 to 82 mgm %) In 
repeating this experiment later on, the devation of the blood sugar became 
more pronounced, twenty four weeks after the irradiation the blood sugar 
content rose from 110 mgm % before the injection to 260 mgm % after 
wards In the beginning acetone was always absent from the unne, only 
when the child was rune months old did the urme one to two and one half 
hours after injection of adrenalm and after a fasting time of mne and one 
half to eleven hours contam acetone and traces of diacetic acid 


The decrease in sixe of the congenital liver hypertrophies treated by 
X rays noted m other cases (Ylpps) was thus found here, also, and 
with It went an improvement m the condition of the child The 
tendency to acetonuna after the injection of adrenalin, absent m the 
beginning, became manifest later on, when a normal elevation of the 
blood sugar content had taken place This result is indeed very 
pecuhar The author secs some analogy to the case of Worstcr- 
Droiighi to be discussed later on —The therapy apphed in this doubt- 
ful case of glycogen hver will be discussed presently 


Warner reported on a case in a girl, aged five years, perhaps there 
e^sted in this case a famihol condition 


The girl, when two years old, had a bronchitis, followed by an obstruc 
jonndice lasting seven days When the jaundice was clearing up, the 
^omen was noted to be extremely large and it remained enlarged When 
^ years old, the girl weighed only 28 lbs and was only 33i in in height 
' h\tr was very large, its surface smooth, not tender Spleen not 
P pable. When starved, the blood sugar fell to as low asO 048%) and ace- 
ne was then found in the urine. Acetone was increased two and one 
after the ingesUon of 20 gm of glucose. Dimng the glucose test 
mr appeared in the unne The rise of the blood sugar after glucose 

adrenalin subcutaneously the blood 
very little, as compared with a control child of the satae age.— 
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Van den Bergh’s reaction and the fructose test were normal m this case 
The child was mtelligent with a head relatively large for her small stature, 
her face was plump which was m contrast to the limbs which were small and 
flabby — It is peculiar that the occurrence of the condition after jaimdice 
is rarely mentioned m the history of the cases of glycogen hver, as was 
remarked m the discussion of this case by Dr Parkes Weber 

Verj’’ interesting is the case of W orster-Drought, which was demon- 
strated in 1923 under the title “A case of enlarged hver with per- 
sistent acetonuria and diacetuna” It was again descnbed by 
W orsUr-Drought and Parkes Weber m 1933, and once more discussed 
by W orster-Droiiglii m 1935 

The patient, a girl, was bom m 1910, birth weight, 4900 gm Between 
the ages of one and four years there were epdepttform attacks occasionally 
and recurrent attacks of vomitmg A large liver was noticed between the 
age of two and five years When ten years old, the child was only 110 cm 
in height, there was acetone-breath, the hver was very large, the spleen not 
palpable No sugar, acetone or diacetic aad were found in the urme, the 
fructose test was negative After givmg more carbohydrates acetonuna 
did not appear and the child was irritable and lost appetite In 1925 the 
hver gave the impression of havmg become smaller In March, 1930, the 
fastmg blood sugar was 0 075%, a delayed fall m the blood sugar curve 
was noted There was some infantilism, puberty bemg retarded until the 
age of seventeen In 1932 the child was well developed both physically 
and mentally The hver was no longer enlarged In the unne acetone was 
stiU present but no diacetic aad or sugar 

In 1935, the patient, now aged twenty-five years, w^ free from all S3mip- 
toms But occasionally there was acetone breath and a trace of acetone 
m the urme The liver was not enlarged Height 5 feet 6| mches, weight 
134 pounds 

Om of the other clnldren of the same family died when three years 
old and from reports viiist have had an enlarged hver There was, 
therefore, the possibihty of a famihal disposition The case is very 
possibly one of glycogen hver though the biochemical part of the 
mvestigation is rather meagre, the blood sugar was determmed for 
the fia:st tune when the patient was twenty years old and no adrena- 
Im test was performed The hepatomegaly was, however, accom- 
panied by acetonuna The disappearance of the large hver is highly 
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mterfestmg Tins may be an mdication of the excellent prognosis m 
this condition It is also important that with the diimnution m size 
of the hver no glycosuna or diabetes melhtus developed, as m Pantos 
and Wagner’s case. 

Eilts m London has described several cases of extreme hepatomegaly 
and discussed the possibility of the cases bemg examples of glycogen 
disSise (see also Elhs and Payne) 

I In one case, a girl, the increase in size of the abdomen was first 
noted at the age of five weeks At the age of four months an enormously 
enlarged liver was found, no enlargement of the spleen was noted Liver 
puncture was unsuccessful in obtainmg sufiiaent tissue for examination 
No acetone bodies or sugar were found in the unne Blood sugar after 
four and one half hours fasting was somewhat low, 68 mgm % Blood 
cholesterol normal Injection of 2J mimms of adrenalm three hours after 
feeding milk showed only a slight elevation of the blood sugar (maximum 
nse 28 mgm ) In Mar^, 193S, Dr Ellis kuidly wrote me that at the age 
of mneteen months the hver in this case had become wry much smaller 
The child had progressed normally and appeared to be m excellent health, 
the typical swollen face of many patients with glycogen disease was lacking 
In the light of recent pubhcatlon on biochemical findings in so-called "stda- 
tose hypertrophique” of the liver (we shall refer to this condition more 
extensiv ely later on) , the author was of the opmion that this could represent 
an e-xample of hypertrophic steatosis with spontaneous remission Ace- 
tone bodies have never been found m the unne. — ^Thc paternal grand 
father of this girl died from diabetes 

In the discussion Dr Uden Mackay reported an analogous case This 
was a boy aged five months, whose abdomen had been noticed to be large 
from the age of one month or perhaps even from birth The liver occupied 
most of the nght side and a large part of the left side of the abdomen 
Small irregulanties could be felt on the surface of the liver, as in Dr EUts’ 
ease Van den Bergh test negative, no acetone in the unne, injection of 
one minim of adrenalin produced a nse of 0 033% in the blood sugar cun c 
Blood glycogen 17 mgm % The child died at home, no autopsj could be 
done. 

II Under the title "Hepatomegalm glycogenica with infantilism in two 
sisters” Dr Ellis m 1934 described sisters, one fourteen, the other nearly 
twel\-c jeats old In the two patients the large size of the abdomen began 
to excite comment at about two j ears of age The J oungcr girl was back- 
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ward in walking and also backward mentally, the elder was nearly normal, 
mentally and emotionally Both are said to have had a shght jaundtce 
once — ^The elder girl at the age of fourteen years showed about four years’ 
retardation m physical development The greater part of the teeth were 
still of the first dentition Spleen not palpable No ascites, no jaundice 
No signs of puberty Blood cholesterol 223 mgm % — ^The younger girl 
in 1934 also showed a retardation m physical development of about five 
years She still had all her first teeth Liver much enlarged Spleen not 
palpable No jaundice or asates Blood cholesterol 232 mgm % (m 
Apnl, 1929, 350 mgm %) ^ 

In both patients there was a low fasting blood sugar, traces of 
acetone in the unne, a low or delayed nse in blood sugar following the 
injection of adrenalin, a significant nse of blood sugar in the laevulose 
test, hepatomegaly and infantilism The cases were regarded as ex- 
amples of glycogen disease In the author’s opimon the prolonged 
slight carbohydrate starvation might have been responsible for the 
retardation m growth and development 

m Ellts m 1934 further reported on three patients (a brother and two 
sisters) with hepatomegaha associated with infantilism The boy was 
eighteen years old At the age of three years he appeared to be well de- 
veloped The abdomen was greatly distended by the greatly enlarged 
fiver Six months later he had jaundice and vomiting of sudden onset, 
associated with a smgle severe epistaxis and the appearance of bile in the 
unne Smce early childhood there had been obvious somatic infantilism 
When eighteen years old the boy appeared well, but had a somewhat muddy 
complexion, though he was not jaundiced He was then completely infan- 
tile as regards gemtal development and secondary sexual characters Small 
maxiUa, small nose Liver very much enlarged 

The gurl of fourteen years had, following tonsdhtis at eighteen months of 
age, transient jaundice and retardation of growth Mentally normal 
Abdomen large smce birth At the age of fourteen years large, firm and 
smooth liver Dentition considerably delayed, centers of ossification 
normal Sella turaca normal Small telangiectases on the face The 
same muddy complexion as her brother 

The girl of eleven years was m every way more nearly normal than the 
two other patients Her retardation m growth was less marked Denti- 
tion delayed Ossification centers and sella turcica normal Liver much 
enlarged 
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All three paDents showed acetonuna and low fasting blood sugar i-alues 
In the two girls an adrenalin test was done, the rise in blood sugar was 
dela>ed Blood cholesterol in the girl of fourteen jears 346 mgm %, in 
the other 208 mgm % 

In the review with Payne, Ellis still reported another patient, a girl 
aged four years, m whom the diagnosis remamed doubtful. At the age of 
two jears and eight months an enlarged hver was found and also a slight 
enlargement of the spleen ivas noted The patient showed acetonuna 
The adrenalm tests gave different results The fasting blood sugar was 
slightly decreased, the blood cholesterol not raised 

Alice King reported a case in a boy aged three years 

The size of the abdomen impeded walking Apart from occasional 
attacks of bronchitis the child was healthy The abdommnl enlargement 
was the only abnormality and was caused by an enormous enlargement of 
the li\er The surface was smooth Spleen was not palpable. Unne 
contamed occasionally traces of acetone, never sugar Blood gljcogcn 
17 6 mgm % No jaundice. Lowest fastmg blood sugar 0 079% After 
30 gm of glucose manmal nse to 0 1S2% After 3 minims of adrenalm a 
nsc of 0 061%, and only a trace of acetone in unne After 30 gm of laevu- 
losc normal blood sugar curve 

Natsh and Giimpert reported a case in a boy of five years 

The following sjTnptoms were present hepatomegaba, hypogljcemia 
in fasting condition, ketonuna, abnormal glucose tolerance cun e, no ele- 
vation of blood sugar after mjection of adrenalm The feces m this case 
contained large amounts of starch, but there was no absence of active 
amylase. The question is raised as to how far conversion of glj cogen into 
glucose in the liver, and the digestion of starch in the intestine are impaired 
m this condition 

From Australia several tjpical cases have been reported Solomon 
and Anderson in 1933 reported a case 

The patient was first seen m Julj 1932, at the age of 22 months The 
parents were wondenng whj the legs of the child were so slim 

The dmgnosls of glj cogen disease was founded on the presence of a 
uniform and non juunful enlargement of the liver, absence of enlarged 
spleen and jaundice, presence of ketonuna, later on combined with hj-po- 
gljcemia The fasting blood sugar was 0 1%, two hours after breakfast it 
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■was 0 124% Blood cholesterol 126 mgm % Severe hpentia SUght 
anemia, moderate leucocytosis The hpemia disappeared on a fat-poor 
diet In February, 1933, the mother stated that the child had commenced 
takmg “turns ” The episodes resembled mdd epileptifonn seizures They 
al-ways occurred between five and six o’clock m the mormng The urme 
then contamed acetone and the child gave fastmg blood sugar values of 
0 056% with a nse to 0 088% two hours after 120 cc of sweetened milk 
had been given The seizures disappeared on feedmg the child with an 
abundance of glucose at mght. 

The epileptiform seizures combmed "with hypoglycemia and keton- 
una -which were present m this case are of interest Also in W or ster- 
DroughVs patients fits were present between the age of one and four 
years They were compared to the hypoglycemic attacks caused by 
an overdosage of msuUn The fact that these attacks m their case 
were reheved by the admimstration of glucose, which must also pass 
the hver, led the authors to the question “Is there some chemical 
difference between the glucose given medicmaUy and the glucose 
formed from the breakmg down of glycogen?” The authors kindly 
wrote to us about the further course In February, 1935, the child 
was qmte well Liver smaller m comparison -with that of a child who 
IS gro-wmg normally ‘'Yesterday had first hypoglycemic attacks 
after twelve months Very shght, no con-vulsion, ob-viously due to a 
lot of playmg round on a very hot day and usmg up the sugar reserve ” 
In a pubhcation of March, 1935, Anderson wrote that the ketonuna 
was less, the size of the hver had decreased and the tenseness 'withm 
its capsule had definitely dimimshed 

In June, 1934, Anderson and Vtckery descnbed a case m a girl of 
four years 

The mother stated that the child had been developmg a huge abdomen 
smce the age of eighteen months She grew tired when taken for a walk 
and had a waddhng gait She was well nourished and fat-faced, but the 
hmbs were comparatively thinner than the rest of the body and the limb 
muscles lacked normal tone Length and weight about corresponded to 
age The veins of the abdommal -wall were very promment The hver 
margm could be felt 3 75 cm below the umbihcus Acetone reaction m 
urme strongly positive, the child’s breath smelled of acetone Fasting 
blood sugar 0 072%, after 12 gm of glucose it rose only to 0 086% No nse 
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of blood sugar after injection of adrenalin No lipemia and no hypogly- 
cemic convulsions Blood sugar during the day never above 0 132% 
During a penod of voluntary starvation slight glycosuria was noticed, 
without a high blood sugar content. 

With a relatively high fat diet this glycosuria was not abolished, so that 
the sugar was not being used m the combustion of fat Dunng this penod 
the ketone bodies were at a lower level than when the child was on a nuicd 
diet. 

The authors put the question whether there is a central mechanism 
controlling carbohydrate storage in the dtmcephalon “There are 
symptoms,” they say, “suggestmg this in various fnlmiary disorders, 
and the fact that in all proven cases so far the patients have been girls 
of smnlar hahitus and appearance, may suggest this common basis ” — 
Anderson, in March, 1935, stated that the girl had recently suffered 
from an attack of catarrhal jaundice She had fever and vomited 
several tunes Dunng this illness her ketonuna grew less, the blood 
sugar values remamed at the same level and the size of the liver 
dunmished After the illness the ketonuna was as pronounced as 
before It seemed thus that dunng the fever the utilization of glucose 
was markedly accelerated 

Holmes d Court and Bray in 1934 gave a descnption of a case in a 
child, 3J years old 

The patient, a girl, had been ill from the age of three months She had 
had a fit at that tune At the age of six months the abdomen had been 
markedly enlarged In November, 1931, the abdomen had been opened 
and a general enlargement of the luer had been reported The li\er was 
normal m color and consistency In May, 1933, the fits and vomiting, 
previously present, had diminished The mental development was then 
retarded Liver grossly enlarged Skeletal musculature flaedd and tone- 
less Acetonuna constantly present. No glycosuna Fasting blood 
sugar 0 037%. After givmg fructose it had risen in two hours to 0 093%, 
after three hours acetonuna was still suongly positive After adrenalin no 
nse of the blood sugar occurred m thirts minutes 

Btedcrmann and Hertz have reported two cases of glycogen liv er dis- 
ease and, especially. Hertz has made a number of saluable investi- 
gations on the metabolism 
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The patient of Hertz was an only child, a boy, with a birth weight of 
about 4 kilos The increase of the abdominal circumference was noticed 
by the parents m the second quarter year of life Marked reduction m 
the amount of food had no influence on the abdommal circumference 
The child often had epistaxis and headaches without vonutmg Intelli- 
gence normal — ^At the age of six years, the diagnosis of enlarged hver and 
spleen was made for the first time, the very much enlarged left lobe of the 
hver bemg nustaken for the spleen Walkmg became more and more 
difficult Severe genu valgum developed Hands and feet plump and 
short — The circumference of the head at the age of twelve years was much 
too small for the age, m relation to length the circumference was, however, 
too large, the child bemg much too small — ^Three times the boy had a frac- 
ture of the femur, caused by shght trauma, which healed normally witbm 
a reasonable time — At the age of eight years the skm of the face had become 
puffed up, on the cheeks were telangiectases Never ictenc or subictenc 
Pale color Musculature very hypotomc Thyroid gland small Testes 
atrophic Mans pubis rich in fat, m contrast to the lack of fat elsewhere — 
In the mommg urme acetone often present, never sugar Hypochromic 
anemia Leukopema with relative lymphocytosis Retardation of the 
development of the skeleton Severe osteoporosis Transverse hnes near 
the epiphyses Sella turaca normal 

The patient of Biedermann was also an only child At the age of eight 
months he had epileptic convulsions, which were reported two to three 
times up to his third year Twice jaundiced Infraction of the nght arm, 
distortion of the nght leg Intelhgence normal Often epistaxis When 
eleven and one half years old, the patient was 12 cm too small and for his 
length 3 kilos too heavy Rather marked adiposity, especially m the 
neighborhood of the shoulders and the upper arms and hips Musculature 
soft Vessels distmct upon thorax and abdomen Kyphosis Extremi- 
ties slender Circumference of the head somewhat too small Marked 
adiposity of the abdomen Liver palpable four fingers below the costal 
margm Spleen not felt Gemtal organs somewhat too small Acetone 
present in urme on a day of vegetable diet, after adrenahn and after biliru- 
bm mjection After hyperventilation no epileptic convulsions The 
attacks recurred spontaneously 

In the first case the patient, therefore, closely resembled a dwarf 
with eunuchoid accumulation of fat at the mons pubis and severe 
osteoporosis which gave nse to fractures In the second case the re- 
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tardation of growth was less marked and there existed an adiposity of 
the trunk. 

Both patients showed a normal reaction as regards pulse and blood 
pressure to the injection of adrenalin The blood sugar after injection of 
0.S mgm adrenalin while fasting remamed unchanged, after 1 mgm. 
there was a slow and not marked rise of blood sugar If the mjcction was 
earned out four and one half hours after a meal, no effect at all was observed 
(persistence of influence of insulin secretion provoked by food?) 

An investigation to determine the presence of a lo-called imtial tnsulm 
hyperglycemia, which might be of value for judging the presence of a 
glj cogen depot m the liver (Bttrgcr) was earned out m one patient The 
nse of Wood sugar was within the lower range of normal 

The blood glycogen of the fasUng blood in the patient of Heriz was re- 
peatedly found to be increased In the unne of this patient acetone was 
not regularly present while the patient was fasting After giving glucose 
or fructose marked acetonuna persisted for at least one hour The patient 
was found to be sensitive to small amounts of insulin In a combmed sugar- 
water insulin test according to the method of AUhattsen-Munch this sena 
tivitj to insulin was not noted The result of this test which was per- 
formed in both patients, is evidence, in the author’s opinion, against a 
beginning cirrhosis of the liver 

nerit’ patient had a low fasting blood sugar value (46-47 mgm %) 
but never any hypoglycemic symptoms In Btedermann’t case the values 
varied S3-83 fflgra.% Both patients showed much Increased tolerance to 
sugar but ne\ er any glycosuria The blood sugar cun cs showed pathologic 
hyperglycemic values, prolonged return to original values, biphasic curve 
{Btedermann's case) In Ilerti' case the blood sugar nine after fructose 
was normal, it was abnormal in Btedermann’s case 

In one patient {Hertz’ case) the eslertficalton wth phosphoric acid after 
giving glucose and fructose was studied from the phosphate excretion 
This excretion was much increased, as in diabetes 

As regards the nitrogen metabolism this was found in Herird case to be 
normal, notwithstandmg a highh increased basal metabolism! The anuno- 
aad metabolism was normal in both patients, a fact which, also, spoke 
against a Imr cirrhosis The crcatin-creatimne relation in the unne was 
abnormally high in HcrlJ case. The explanation of this fact is still not 
clear 

In\ cstigation of blood serum and urine demonstrated only a small aa 
dotic deviation of the metabolism which was of a temporary nature The 
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water metabolism was probably normal m both cases The blood diastase 
content was normal In the unne large amounts of diastase were present 
Glycolysis of the blood was normal 

The hpase content of the serum was distmctly mcreased in Hertz' case, 
prmcipally caused by an mcreased qumme resistant lipase However, 
the author is a prwrt not mclmed to explam this finding, as is usually done, 
on the basis of severe hver-cell damage 

Yon Gierke and van Creveld on different grounds had stated the 
hypothesis that in glycogen disease one has to do with the continuation 
of a fetal condition in the hver This suggestion gave Hertz the 
impetus to study the postmortem disappearance of glycogen in the 
hver of new-born child and fetus, espeaally as regards veloaty and 
degree of glycogenolysis under different external arcumstances The 
hver was investigated m a way analogous to that used by SchonJmmer 
and Unshehn in cases of glycogen hver and afterwards by van Creveld 
m a case of glycogen heart The influence of the pH of the medium 
was very distmct As early as the second quarter of pregnancy glyco- 
genolysis could be demonstrated m the fetal hver This occurred, 
however, distmctly more slowly than m older fetuses and in new-born 
children A direct companson with the findmgs of Schonheimer m 
his autolysis experiment could not be made It seemed probable 
that this post-mortem glycogenolysis found in glycogen hver was 
smaller than that m a fetus of six months 

Recently Hertz has again studied this glycogenolysis in hver tissue 
m a case of glycogen heart described with Jeckeln (see chapter 3) It 
appeared that the disappearance of glycogen from the hver tissue, 
kept under optimal conditions for diastatic activity (phosphate buffer 
of pH 6 9-6 5, temperature ) was greater after the addition of a 
pure diastase preparation which was free from proteolytic enzymes 
In the author’s opmion it is, therefore, improbable that this mcreased 
glycogenolysis is due to a splitting of glycogen which should be at- 
tached m an abnormal way to protem, as XJnshelm proposed On 
different grounds Hertz has accepted the view that m his case of glyco- 
gen liver there existed a decreased activity of the neuro-hypophysis 
Agamst a hjqiophyseal disturbance was the abnormal high basal meta- 
bohsm, the absence of visible changes in the seUa turaca and other 
hypophyseal symptoms, and the pecuhar proportion of the extremities 
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m relatioa to the trunlc. However, m his case of glycogen heart the 
basal metabolism without doubt was strongly decreased, whereas 
the liver also m this case contained much glycogen 
As regards the possibUity of a growth disturbance of the cerebrum. 
Hertz IS of the opimon that in his case there were present some sjunp- 
toms which might suggest that the brain was not functioning quite 
normally (small arcumference of the skull) An encephalogram 
could not be made, in Btedermann's case the intelhgcnce was normal 
The growth disturbance occumng m glycogen disease can be either 
the type of a "dystrophia” caused by an mtemal carbohydtate- 
hunger, or present the characteristics of a disturbed internal secretion, 
or there can be a mired picture In infants and young children the 
influence of the dystrophia would predormnate and give nse to retarda- 
tion of growth m length, and to slender extremities — ^The fact that 
m glycogen disease we have to do with a general disease metabolism 
and not with an isolated hver disease, m Hertz’s opmion, makes 
necessary a separation of the growth disturbance in this disease 
from the so-called hepatic infantilism {LcrebouUet, PJaundler) etc 
(see below) 

Vnshelm, however, startmg from the idea that in glycogen disease 
important functions of the liver are greatly disturbed, does not make 
the same separation of the growth disturbances The growth dis- 
turbances occumng in cases of glycogen disease may show marked 
differences, as m all cases of hver diseases The author separates a 
type, occumng in children m which the hver disease started at a -v cry 
early age, from a type occumng m children who fell ill at a later age 
The irregularity in the normal veloaty of the processes of development 
occumng In the two types causes the patients to give a very varying 
picture as regards their development To the signs of the hepatic 
disturbance of growth belong, therefore, the retardation of the growth 
in stature, the persistence of proportions of an earlier state of develop- 
ment and the rudimentary and vaiymg growth of different parts of 
the body However, all organs and tissues which arc influenced b> 
growth maj show consequences of the growth disturbances 

From thispointofviewa discussion is given of the changes observed 
in cases of glycogen disease in the development of the fat depot, 
musculature, condition of the skin, primary and secondarj sexual 
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charactenstics, osseous system, teeth, gait and muscular and mental 
functions The fundamental cause of the disturbances of growth 
observed m diseases of the hver is stdl unknown It is generally 
beheved to have nothmg to do with a primary disease of one or more 
glands of internal secretion 

Rauh and Zelson in 1934 descnbed a case m an Italian boy 

At the age of eight months the abdomen seemed to be larger than nor- 
mal Up to the age of twenty months, when the boy came mto the dime, 
the abdomen had mcreased m size No other complaints The edge of the 
hver was felt at about 5 cm below the umbihcus in the right mammary 
Ime The left lobe of the hver extended about 7 cm below the costal mar- 
gm m the left mammary hne Liver of normal form, not tender, edge 
sharp, surface smooth Spleen not palpable The boy was imderde- 
vdoped 

Urme Acetone on repeated exammations, amoimt of diastatic ferment 
greatly mcreased No glycosuna Blood amylase lowered No free 
glycogen m the blood Fastmg blood sugar 40-65 mgm per 100 cc Blood 
sugar curve m two tests biphasic, prolonged curve with maximal rise to 
100 or 110 mgm after two hours — ^After adrenahn the blood sugar rose in 
one test from 45 to 115 mgm % in one hour, in the second test from 65 to 
120 mgm % m one and one half hours After 2 umts of insulm almost no 
reduction of blood sugar, after 5 umts the blood sugar rose from 60 mgm m 
fifteen nunutes to 70 mgm % followed by a long-lastmg reduction — ^Total 
cholesterol mcreased Ratio of total cholesterol to cholesterol-ester nor- 
mal Galactose and bromosulphonphthalein test normal Serologic tests 
negative Transverse hnes m the metaphyses of long bones 

No increase of the blood sugar or change m the size of the hver was 
observed after a diet high in carbohydrates, or after the administration of 
epmephrme or thjrroid In three months the child grew 3 cm m height, 
the cucumference of the abdomen increased 4 cm Never any spontaneous 
hypoglycermc reactions Breath frequently had the odor of acetone The 
child preferred food nch in carbohydrates, espeaally potatoes 

Based on Lesser* s theory, Rauh and Zelson think it conceivable that 
the excessive deposit of glycogen within the hver cells may mterfere 
with the normal glycolytic function of these cells by disturbmg their 
colloidal state An increased permeability of the kidney cells to 
amylase m glycogen disease is accepted as a possible explanation of 
the mcreased excretion of amylase 

Wilder descnbed a case m a girl of three and one half years 
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At nine months and at eighteen months the patient had an acute upper 
respiratory infection with fever and convulsions \Vhoopmg cough at 
two years, measles at two years and a half At about the age of six months 
the mother thought that the baby was fatter than she ought to be and no- 
ticed that head and abdomen were disproportionately larger than the ex- 
tremities As she grew older, the child tired more rapidly than her com- 
panions At three and a half years cheerful, alert, with quick response 
to attention Round head with fat face, very short neck and prominent 
brow Abdomen protruded markedly Trunk fat with much fat at the 
base of the neck postenorly Legs and arms relatively thin and somewhat 
short. Genu valgum Twenty normal teeth Moderate amount of fine 
lanugo hair Abdomen 62 cm m arcumference at the umbilicus Liver 
markedly enlarged, smooth, somewhat soft, not tender Spleen not palpi- 
ablc Acetonuna was constant dady, though variable in single specimens 
— Blood hpoids normal, cholesterol not mcreased Fasting blood sugar, 
glucose tolerance test, epmephrin, insulm and pituitnn tests normal The 
hi cr water storage abihty appeared grcatlj impaired X ray mvestigation 
of the abdomen showed a very large hver with evident enlargement of the 
rigkt kidney 

X-ray examination showed that the sella turaca was within normal 
limits but depressed, along with the whole middle cranial fossa The 
petrous portion of the temporal bone was also depressed This was 
taken by Wilder to indicate the presence of an internal hydrocephalus, 
probably more marked in the third ventnde He raised the question 
whether this tj^ie of hepatomegaly might result from internal hj dro- 
cephalus vnth pressure changes in the region of hypothalamus and 
pitmtary gland — seemed to Wilder that the diagnosis of hepato- 
ncphromegalia glycogenica was most probable in this case. 

Crben and Kiistcr in 1936 desenbed a case in a boy of three and 
three quarters years 

He showed all the chnical symptoms which have been found in the ma- 
jority of the cases of gl>xogen hver (hj-pogl>-cemia in fasting condition, ke 
tonunn, absence of nsc of blood sugar after injection of adrenalin, etc ) 
The boj ga\e the impression of a patient suffenng from adiposogenital 
dj'stroph) In the X-raj the sella turcica showed distinct abnormalities 
It was \ crj flat and enlarged. Neurological or ophthalmological sjanploms 
were absent, however, perhaps In an earlier stage of the disease sj-mptoms of 
an intracramal process were present. 
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Krakower in 1936 descnbed two cases of glycogen liver with autopsy 
findings and reported the result of a biopsy of the liver in a third case 

The first case was that of a boy, aged five months, who smce birth had 
had a large abdomen, which had progressively mcreased m size The boy 
died on the third day after admission into the hospital Blood withdrawn 
on the third day was creamy and opaque, grayish yellow m color The 
serum cholesterol was 394 mgm %, the carbondioxide combimng power 24 
volumes % Acetonuna was present At the autopsy the hver was greatly 
enlarged (weight 705 gm , normal 188 gm ) Both kidneys were large 
(the nght kidney weighed 46 gm , the left one 48 gm , normal weight 25 
gm ) On microscopic exammation of the heart only occasional fibers 
contamed glycogen The pancreas islets were abundant and large The 
hver cells were large of a planthke type The cells were infiltrated with 
glycogen and fat The cells of the convoluted tubules of the kidney were 
of the planthke type and were massively infiltrated with glycogen After 
several months of fixation m Pick’s solution the hver and kidneys m this 
case stiU contamed 3 04% and 11 5% respectively of glycogen m terms of 
dry weight These values exceed by far those of the normal range The 
fat content by dry weight of the hver was still more stnkmg, amounting 
to 52 3% Spleen and bone marrow probably contamed stored hpoids m 
large pale cells 

The second case was that of a Jewish boy of one year, who also died on 
the third day after admission into the hospital At the autopsy the hver 
appeared greatly enlarged and both kidneys were greatly mcreased in size 
The hver weighed 1213 gm (normal 288), the nght kidney 77 gm (normal 
36), the left one 67 gm (normal 35) At the microscopical examination 
there was found among other things glycogemc infiltration of hver and kid- 
ney, marked fatty infiltration of the hver and probably hpoid containing 
cells m spleen and bone marrow 

The third case was that of a girl of eight years, who had an enlarged ab- 
domen since the age of six months A sister of the patient had died when 
four years old from apparently a similar condition The girl showed re- 
tardation of growth The extremities were dehcate and slender, the cheeks 
were full, but the subcutaneous fat was meager elsewhere The hver al- 
ways was greatly enlarged Occasional epistaxis Three weeks before 
admission the patient developed extreme dyspnea and anorexia Ace- 
tonuna and hypoglycemia were present, there was no response to adrena- 
hn The patient died within a month after the admission to the hospital 
Only the biopsy of the hver, skm and muscle could be performed The 
hver contained a large amount of glycogen and also fat 
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In all three cases there was thus a marked degree of fatty infiltra- 
tion of the liver in addition to the glycogen infiltration The author 
IS of the opmion that the large pale cells m spleen and bone marrow, 
also, stor^ hpoids, though this could not be demonstrated — ^An 
analogy is drawn by the author between the clmical findings (hperma, 
ketosis) and the pathological findmgs (among others fatty infiltration 
of the hver, fat-laden large cells m the spleen), pomtmg to a disturbed 
fat metabolism m glycogen disease correpondmg to that found m 
diabetes melhtus 

Homapp m 1936 reported on two cases of glycogen liver 

In the first case, a boy, the enlargement of the hver had been progressive 
since the age of seven months At the age of two years and five months the 
boy showed an enormously enlarged hver Pirquet test strongly positive. 
The metabolism showed the well-known features with the exception of a 
fauly large elevation of the blood sugar after mjection of adrenahn and on 
one occasion an abnormal elevation of the blood sugar after 30 gm of fruc- 
tose The excretion of phosphates in the unne (pan Crereld and Herts) 
after 30 gm of glucose showed a constant decrease, after grvmg 50 gm of 
glucose, the excretion of phosphates the first time was shghtly increased, 
the second time it remained unchanged After giving fructose or galactose 
the excretion of phosphates shghtly increased The basal metabolism de- 
termined by von Grafe’s method, was shghtly increased (±9%) Blood 
cholesterol 408 ingin.%, esters 274 mgm % Scrum diastase normak 
Diastase m unne shghtly increased The boy showed sensitiveness to 
infections, which were always accompanied by a seiere ketonuna ROnt- 
gen irradiation of the hver (Unshdtn) was followed bj a decrease in i olume 
of the hver dunng four or five days after the irradiation Howei er. In two 
to three weeks the hver regained its onginal size. The general condition of 
the boy ond hb carbohydrate metabolism were not influenced by thb irra 
diation 

The second case was that of a boj whose grandfather was suffermg from 
diabetes melhtus. At the age of four months the presence of a \ cry much 
enbrged liver was already established. Hypoglj ccmia, acetonuna and 
urohilmuna were absent Tolerance tests with different sugars gave 
normal results The adrenalin effect on the blood sugar content (by the 
author regarded ns being normal) was small Fat tolerance test (BCrgcr 
and Uabs), which should be of differential diagnostic salue between gly- 
cogen li\cr and User arrhosb (Bcnmcr and LaesMe), gase normal results 
A biopsy of the liver was performed The histological examination of the 
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preparation (Hamperl) showed excessive accumulation of glycogen m the 
hver cells and correspondence m other particulars, also, with the findings 
in definite cases of glycogen hver The border of the excised piece of hver 
showed, however, cell infiltrations which made an exact anatomic diagnosis 
impossible 

Harnapp is convinced that he had to deal m this infant with a case 
of glycogen disease The size of the hver decreased distinctly after 
this biopsy and stiU more after a further rontgen irradiation The 
author cites this case as an example that glycogen liver may be present 
whereas the well-known peculianties in the metabohsm are aU absent 

Sundal descnbed a case m a girl of twelve years, whose father was a 
diabetic The enlargement of the hver was present smce birth At the 
age of about two years there was a bnef attack of jaundice The retarda- 
tion of growth appeared early in childhood The patient showed hypo- 
phosphatemia and further nearly aU deviations from the normal m the 
letabohsm that we found m the first chmcally descnbed case in 1928 
Tie glycogen content of the blood was 17 6 mgm per cent 

Very recently von Gterke reported the results of the autopsy of a 
ase of hepatomegaha glycogemca m a girl of nearly fifteen years, who 
lied from an otogemc memngitis 

Dimng life the girl was said to have shown arrest of growth, retardation 
a mental development, sensitiveness to infections, anorexia (but preference 
or bread) and often abdommal complamts Apparently nothing m par- 
icular was known with regard to the metabohsm At the autopsy was 
oimd hepatomegaha glycogemca (weight of the hver 2750 gm , e g about 
wo and one-half tunes the normal weight) and infantihsm The amount 
f connective tissue m the hver was not mcreased The hver showed small 
slets of normal hver tissue where glycogen was absent or nearly absent 
?he significance of these islets is uncertam The possibihty exists that the}”^ 
epresent efforts at spontaneous recovery Heart and kidneys were not 
nlarged and only the kidneys showed a shght glycogemc infiltration 
Iistologically, the heart muscle fibers were normal, as also the stnated 
nuscle fibers Pancreas, thyroid and hypophysis were normal The 
idrenals contamed only a shght amount of hpoid The presence of glyco- 
;en m the adrenals, however, was verj’- remarkable, though m the author’s 
)pmion this need not have etiological significance 
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This case reports the oldest individual with glycogen hver who came 
to autopsy (The first patient with glycogen hver chmcally descnbed 
by us m 1928, is still well at sixteen years of age.) 

b (pongenilafj kypertroflnc slcatasis of the hoer 

In a former dicusssion of the idle of glycogen as a cause of the en- 
largement of an organ (1932) we pointed to the fact that before one is 
justified m mahing the diagnosis of glycogen hver, it is necessary to 
differentiate the condition from different affections of the hver and 
from other system diseases We mentioned, espeaally, arrhosis of 
the hver and a defimte form of chrome, very pronounced hypertrophy 
of the hver Imiited to that organ, caused by a large accumulation of 
fat 

Though we shall devote a speaal section to the differential diagnosis 
of glycogen disease, we prefer to discuss the recently published cases 
of congemtal hypertrophic steatosis of the hver at this point, m con- 
nection with the cases of glycogen hver just reviewed This hyper- 
trophy of the hver in children, caused by excessive accumulation of 
fat, has been descnbed as a sohtary and as a fanuhal affection by 
BjSrum In 1927 he descnbed four chfldren of a family of eleven 
All four children died of intcrcurrcnt infection within the first two 
years of hfe. At autopsy an enormous fatty hver was found in all 
cases Intoxication was excluded A blood sugar determination was 
earned out in only one of the children, it gave an average fasting 
value of 80 mgm per 100 cc 

Tour years later Dcbri and Simelajgne under the title “Stdatosc 
hfipatiquc massive du noumsson” descnbed a child with hypertrophy 
of the liver which at biopsy proved to he largely due to an extensive 
fatty degeneration of the hver cells The blood sugar content at that 
tune was not determined In 1932 Crenel, Leoent and Mourrut dc- 
cribed an analogous case (see later on) It is to the credit of Dcbri 
and his co-workers {Nachmansohn and Gilbrtrt, later on, Simelatgne) 
that, after the first dmical dcscnplions of patients wuth glycogen 
disease had appeared, they made an cxtcnsiv c comparativ e examina- 
tion of their patient, descnbed in 1930, having a hypertrophy of the 
liver caused bv the accumulation of fat, and of three other patients 
showung hypertrophy of the hver, % cry probably caused by accumu 
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lation of glycogen It should be noted that according to the French 
investigator a distinct separation of both diseases is not to be made 
Debri introduced the idea “hepatoinegahe polycongue” (from irdXbs, 
much and ndaos, saturation), m order to designate a hypertrophy of 
the hver, caused by a combmed pathologic accumulation of two dif- 
ferent reserve substances (glycogen and fat) Either there should 
exist only an accumulation of glycogen m the hver or there should 
be, in addition to this, an accumulation of fats or an accumulation of 
fats alone should be present In all these cases the chmcal pictures 
should show a very great resemblance, so that differentiation would 
be difficult and the deviations in the metabohsm from the normal 
ought not to differ essentially The various cases showing these 
divergent conditions should, according to Debri, be grouped imder 
one name, and he mtroduced for that purpose the term, “polyconque ” 
NosologicaUy, hjqiertrophic steatosis and glycogen hver would thus 
bdong together Debri not only apphed the term "polyconque” to 
the cases of hver hypertrophy as the result of accumulation of glyco- 
gen, fats or both together, but also to hypertrophy of other organs 
from accumulation of these reserve substances 

Debri’ s conception has foimd favor with Ftessmger Coniby, how- 
ever, has stressed the separation of hypertrophic steatosis and glyco- 
gen hver Accordmg to Debri and co-workers these "hypertrophies 
polyconques” should be sharply separated from the congemtal hyper- 
trophic cirrhoses and from the reticulo-endothehoses m as far as they 
manifest themselves with a marked hver hypertrophy (disease of 
Gaucher, of Ntemann-Ptck and the xanthomatoses with hver en- 
largement) 

In the case just mentioned and descnbed m 1930 by Debri and 
Shnelatgiie the authors had to do with a child who had suffered from 
attacks of fever at the age of ten months and, when five years old, had 
an enormous hypertrophy of the hver without splenomegaly, mental 
and bochly development were m other respects normal The possi- 
bility that the fatty infiltration m the hver cells was caused in this case 
by an infection was rejected This case, m which the existence of 
fatty liver was estabhshed by biopsy, differed, however, from the 
other three cases descnbed by Debri and co-workers m which no 
biopsy was made, in that the hepatomegaly had not developed steadily 
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and insidiously without fever, abdominal pain and other disturbances, 
as it does in most cases of glycogen hver Apart from this difference 
the four children showed a great resemblance m external symptoms 
to patients with glycogen hver All four had the typical marked en- 
largement of the hver -with smooth surface and a homogeneous firm 
consistency and without tenderness to touch In all four the spleen 
could not be felt In all four a disturbance in growth was present but 
it varied m degree, the child whose hepatomegaly was proved to be on 
a fat basis was the one in whom the retardation m growth was the 
least 

Debri and his co-workers examined the metabohsm of carbohydrates 
and hpoids m their patients Three of the four patients showed a 
marked hyperhpeima and two of these three a pronounced hyper- 
cholestcnnemia In the child in whom biop^ of the hver had been 
performed the hpoid and cholesterol content of the blood were about 
normal This chfld, as well as two of the others, had doubly refractllc 
hpoid substances m the unne As regards the disturbances in the 
carbohydrate metabohsm found in his cases of “hfipatomfgalie poly- 
conque,” Debri concluded that one could distinguish two types 
(a) cases showmg analogous disturbances such as are found m supra- 
renal insufficiency, (b) cases showing disturbances rcsemblmg more or 
less a prc-diabetic condition 

The patient in whom a biopsy of the liver had been performed prob- 
ably belonged to the type under a The fasting blood sugar content 
in this case was 0 06% Following glucose ingestion the blood sugar 
showed almost no elevation After the injection of adrenalm the 
blood sugar rose shghtly The presence of acetonuna m this patient 
IS uncertain 

The question of the possibihty of separation of cases of hyper- 
trophy of the Uver due to massive fatty infiltration from cases of 
glycogen liver, recently has been studied also by other authors 

Clmicallj Debre’z cases showed the following pcculionties The first 
child showed disturbances In the mental development, could not svalk in 
the normal wn> and suffered from lonic-donic convulsions. The fourth 
patient also had a verj peculiar way of walking, reminding one of the gait 
in certnm of the m>-opathies The neurologic examination in the first 
and third cases rciealed no abnormalities At times the patients showed a 
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disturbance of the functions of hver and kidney Thus the third and fourth 
patients manifested a transient jaundice with bile substances in the unne, 
the first child almost constantly passed rather large quantities of bile salts 
m the urme In the first three patients a marked urobihnuna existed 
most of the time The fourth patient had a transient purpura All pa- 
tients showed repeatedly shght albummuna, the fourth patient, moreover, 
a cyhndruna — Furthermore, the seccmd and third patients, who climcally 
bore such a great resemblance, were brother and sister — No one of the four 
children exhibited sjmiptoms of obstruction of the portal vein (caput 
Medusae, asates, splenomegaly) , the concentration of the protems of the 
serum was not changed Tests for lues and tuberculosis were negative 

In the case of Grenet, Leoent and Mourrut, descnbed in 1932, the 
authors had to do with a boy of mne and a half years in whom the 
enormous enlargement of the hver seems to have developed about the 
age of eighteen months In June, 1926, an exploratory laparotomy 
with biopsy of the hver was performed 

The father of the child suffered from diabetes, one sister from epileptic 
.ttacks The child himself showed symptoms of congemtal syphihs 
Vhen four months old he suffered from convulsions and diarrhoea, shortly 
lefore the exploratory laparotomy in 1926 there was diarrhoea with fever 
ind epistaxis At operation the hver proved to be of firm consistency 
nth localized hard spots Histologically, the greatly enlarged hver cells 
iroved to be overfilled with fat, glycogen was not found The child showed 
etardation of growth and an inchnation to adiposity In 1932 he suffered 
rom epistaxis and then for the first time glycosuna was estabhshed (10 5 
;m per hter) For several days previously no sugar had been found in the 
irme but traces of acetone were encountered Blood sugar content (m 
asting state ?) 0 86% One hour after the ingestion of 100 gm of glucose 
he urme contamed 25 gm of sugar per hter Grenet himself rejects the 
lossibility that this could be a case of “st6atose h6patique massive ” 

Though this chmcal picture shows some resemblance to that m 
jlycogen disease, we nevertheless are of the opmion that there are 
hfferences on important pomts We mention here the hereditary 
ues, the fever, the repeated marked epistaxis and the marked glyco- 
juria occumng m a later stage, the heterogeneous consistency of the 
iver and certain abnormahties found histologically in the blood vessels 
md bile capillaries and in the hver itself Extensive study of the 
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metabolism, which should lead to a better comparison, was not earned 
out m this case 

Such a study of the metabohsm has mdecd been carried out m the 
case of liver hypertrophy due to extensive fatty infiltration, dc- 
senbed m 1934 by Kramer, Grayzel and Solomon 

This was a female infant, aged six months, who w as brought to the dime 
because she gained m weight slowly and had a large abdomen Tor three 
days after birth she had shown shght cyanosis and had suffered from a 
generalized convulsion twice, when one and three months old In the 
followmg three months she had fixe or six attacks desenbed as short famt 
mg speUs When six months old the child could not sit without support 
or hold her head up steadily The head was not large in proportion to the 
chest. The fiver edge was felt three mches below the costal margm 
Slight irregular fe\er Examination of the blood revealed a very low fast- 
ing blood sugar value (on one occasion 18 mgm per cent), with a compara- 
tivel) marked elevation after the intake of glucose, and a prolonged curve 
(no hypergljxemia) Injection of adrenalm had no effect on the blood sugar 
value Sugar or ketone bodies were never present in the unne No gross 
lipemia or mcrease of cholesterol in the blood Blood sugar after Icvulosc 
showed no abnormal nse — The child died at the age of eight months after 
having shown symptoms of bronchopneumonia with severe convulsions 
At the autopsy a diffusely enlarged fatty fiver (630 gm ) was found 
Microscopically there was extensive fat replacement throughout the entire 
sections of the liver Normal liver cells were nowhere to be found A’'o 
erUence oj glycogen m liver or heart Kidneys, spleen, pancreas and 
adrenals normal An inability to form gly cogen from glucose, an agly co- 
gcncsis, IS accepted as the fundamental defect. The inabihty' to transform 
in a normal way the glucose in the portal circulation might have resulted 
in Its conversion into fat The hepatic function, as far as other metabolic 
processes were concerned, was apparently normal 

Undoubtedly there are present in this case some points which until 
recently were accepted as being more or less typical for the metabolism 
in gly cogen disease namely the combination of hypoglycemia and the 
lack of an elevation of the blood sugar content after injection of 
adrenalm Furthermore, the constant absence of acetone in the unne 
deserves special attention (sec under ketosis) Moreover, the en- 
largement of the liver in this child did not develop, as it docs usually 
In glycogen disease, gradually and unobserved without any mterfer- 
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ence with health In the anamnesis we j&nd mentioned many facts 
usually absent m children with glycogen disease very poor feedmg, 
poor growth, poor appetite, repeated general convulsions Fever 
cannot be excluded, durmg the whole tune of nursing there was fever 
of varymg degree together with leucocytosis and shght anenua These 
factors might explam the development of a fatty hver 

c Ammal experiments 

As the result of the pubhcations of a chmcal and pathological 
nature deahng with glycogen disease, Junkersdorj drew attention to 
his own former researches and those of his co-workers, and to older 
experiments, among others those of Schondorf Junkersdorf and his 
collaborators foimd m ammal (dog) experiments that by means of a 
diet (so constructed that the protem content m itself was sufficient to 
supply the caloric requirement, and containing, moreover, a large 
quantity of carbohydrates), the glycogen content of the hver could be 
mcreased to an important extent, and that this mcrease was accom- 
pamed by a marked enlargement of the hver The yoimger the am- 
mal, the earher occurred the mcrease m weight of the hver, and also 
the higher the glycogen content (highest content 21 52%, m an adult 
dog 15 2 1%) In the stage when the hver was overJffiled with glycogen 
there existed, three hours after the feedmg, a marked hypoglycemia, 
which under normal conditions was never foimd m those animals 
The symptoms of hypermsuhnism were lackmg, although the mvesti- 
gators attached great importance to msuhn m explanation of the 
occurrence of this condition In older as well as m younger animals 
there was found, furthermore, a distmct elevation of the glycogen 
content of the blood, which however also occurred earher and to a more 
marked degree in younger animals (Bong) 

In this early occurrence m young animals of glycogen accumulation 
with its accompan)ang enlargement of the hver, Junkersdorf sees an 
analogy with glycogen disease m man, which also occurs early m life, 
that is, m the penod of growth This should speak m favor of the 
conception that in this early period of life there exists a predisposition 
to the accumulation of glycogen 

Junkersdorf weighs the possibihty that perhaps a precedmg, un- 
observed fault m the diet may play a r61e m the onset of glycogen 
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disease Pediatnaans know of cases m which an excessive appetite 
was the cause of a temporaiy hepatomegaly In this connection we 
may, also, mention the very pronounced enlargement of the hver cs- 
tabhshed in the rare case of chrome galactemia, desenbed by Mason 
and Turner Here the size of the liver decreased as soon as the 
galactose, which could not be sufficiently destroyed by the patient, 
was no longer offered m excess (in the form of lactose m the milk) — 
In the cases of glycogen hver a relation between the enlargement of 
the hver and a too nch diet has often been considered, but the histones 
of the cases have not revealed any constant finding of that sort and, 
moreover, restnction of the food supply did not cause a decrease m the 
size of the hver 

Fmally, Junkersdorf points to the fact that m the animal axpen- 
ments it is possible first to mcrease the glycogen content of the liver 
(and muscles) by fattening the animals, and that this mcrease will 
disappear subsequent to the employment of a one-sided protein diet, 
at the same time the lowered blood sugar content wiU mcrease 

However important these mvcstigations are m themselves, they arc 
not of significant importance for the problem of glycogen disease, 
firstly, because m our cases and those of others there were no peculiar- 
ities m the preceding diets of the patients, secondly, because there 
exists for the most part a great difference between the consistency of 
the liver which is enlarged owing to the accumulation of glj cogen as a 
consequence of the fattemng, and the consistency of that organ m 
glycogen disease rurthcr, it is highly improbable that glycogen 
accumulated m the fatty liver should possess after death analogous 
properties to the gly cogen m glycogen disease If so, it would mean 
that such glycogen should be very fixed and difficult to mobilize 
Nevertheless, these expenments of Junkersdorf deserve our attention 
Of interest in connection with the possible relation between glycogen 
and fatty hver is the experience that when the excessive supply of 
carbohydrates in the experiments of Junkersdorf and co workers was 
contmued over a long period, then the glycogen content of the liver 
decreased again, whereas the content of fat increased 
Junkersdorf explained the hyqxiglyccmia as due to a disturbance in 
the blood sugar regulating function of the liver cells os a result of that 
being overcharged with reserve glycogen, a mechanical explanation! 
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The overcharge should be primary, for also m excessive overcharge 
with fat in the liver cells as a result of excessive fat supply an analogous 
hypoglycemia was found, a condition which disappeared when the fat 
supply was greatly restncted (compare the hypoglycemia found re- 
pectively in glycogen hver and in fatty hver in children) 

The changes found tn the glycogen content of the blood m these animal 
experiments also deserve attention In glycogen disease we have to 
deal with such changes, since Schonhetmer could demonstrate in the 
blood of one of von Gterke's patients, even some days after death, a 
rather important quantity of glycogen, and we, also, found an in- 
creased glycogen content of the blood in our patients Since then 
many investigators have reported similar findmgs 
In the glycogen-fattening of animals it appeared that the glycogen 
content m the blood was mcreased to a notable degree, compared with 
the normal ammal values, the younger the animal, the greater the 
elevation, and the earlier this elevation occurred When the fattening 
continued, the glycogen content of the hver decreased, the content of 
fat increased and the glycogen content of the blood decreased until it 
was lower than the normal values, this decrease was greater, the 
younger the animal This transition from increase to decrease of the 
blood glycogen should thus speak m favor of transition of glycogen 
into fat This point might have some sigmficance for the differential 
diagnosis between glycogen hver and fatty hver 

In connection with these ammal experiments a short remark on 
glycogen in the urme is not out of place 

Cappenberg m 1931 was of the opimon that he had estabhshed the fact 
that glycogen often occurs m small quantities (to 0 1%), sometimes in 
larger quantities (to 1%) in human unne We thought that this could 
have a diagnostic significance in glycogen disease, espeaaUy when there 
was a locahsation of the condition in the kidney as found by von Gierke 
(nephromegaha glycogemca) We were not successful m demonstratmg 
glycogen in the unne of our patients, usmg the method of Cappefdierg 
In the meantime these findmgs of Cappenberg could be confirmed neither 
by J linker sdorf and Mischnak, nor by Schulz and Becker The first-men- 
tioned investigators came to the conclusion that what Cappenberg thought 
to be glycogen, was in reality not glycogen Further, they examined a 
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large nurnber of normal and pathological unnes of man and dog for the 
presence of gl) cogen, but with negaUve result, nor could they succeed m 
the case of ammals with an mcreased glj cogen content of the blood They 
were unable, however, to examine the urme of a patient with nephromegaba 
glycogcmca Although we are not justified in having great expectations in 
view of these negative findmgs, we must remember the possibihty that the 
rccogmtion of localization of glycogen disease in the kidneys may be sup- 
ported by exammabon of the unne 

d General sympiomaiology 

In 1929, Von Gterhe and Schbnhetmer pubhshed their articles on 
glycogen disease and m 1928 we gave the first chmeal discussion of 
iL Since then great mterest has been aroused in this morbid picture, 
as IS indicated by the review which we have just completed of the 
published case reports of certain and probable examples of glycogen 
disease with speaal localizabon in an enlargement of the liver 

The combinabon of pronounced enlargement of hver and kidneys, 
due to the accumulabon of glycogen, as found by von Gierke, has 
until now been observed only in a few cases As a rule only vciy 
marked enlargement of the liver existed There was sometimes a 
more or less marked enlargement of other organs beside the kidneys 
Never did enlargement of the hver and of the spleen exist at the 
same time, however (though in the beginnmg the enlarged left lobe 
of the hver was thought to be an enlarged spleen), a fact of great 
importance in the differential diagnosis Later on we shall come 
back to the enlargement of organs other than the liver through the 
accumulabon of glycogen 

Departures from the normal in the endoenne organs in cases which 
came to autopsy were not constantly found, and, if found, they vaned 
in character (hypoplastic adrenals in one of the cases of von Gterkc, 
abnormalities in a few islets of I-angcrhans m the cases of Unshclm 
and of raher, and abundant and generally large islets in one of the 
cases of Krako-xer) Krako-acr laid stress upon the considerable de- 
pletion of the hpoids of the adrenal found in two of his cases and 
analogous to that desenbed in diabetic lipcmios by GoWzteher 
The cases of glycogen disease in which the enlargement of the hver 
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was the outstanding feature all showed great resemblances, and at 
the same time pomts of difference We shall go mto this more deeply 
later on, but would hke to make one remark first 
The question whether all the cases of glycogen disease with enlarge- 
ment of the hver which have been descnbed as such, are m reahty 
true cases of that disease, cannot be answered with certaimty Prop- 
erly speaking, one would be justified m considering as true cases 
only those m which either a biopsy of the hver, or autopsy confirmed 
the diagnosis There are some mvestigators who msist upon this 
requirement F rom the very first we have not agreed with them An 
exploratory laparotomy m these patients is m our opmion not justified 
Eveiythmg must be done m order to augment our knowledge of the 
metabohsm of these children, and thus to amve at a well-founded 
differential diagnosis from other affections of the hver This was 
our position at the beginning In many of the cases which have been 
pubhshed, however, there is no suggestion of a more or less extensive 
examination of the metabohsm often the probable diagnosis of 
hepatomegaha glycogemca was founded on the clinical aspects of the 
case and the results of only a few studies of the metabohsm 
In all cases the extraordinary hepatomegaly causmg excessive pro- 
trusion of the abdomen is the outstandmg feature Palpation of 
the abdomen never causes any pain, the surface of the hver is smooth 
and the hver itself is firm In many cases it cannot be ascertamed 
at what penod of hfe the hepatomegaly had arisen In rare mstances 
it was already present at birth, as a rule it was noticed after the first 
months of hfe, sometimes after the first year of hfe, and, when present, 
it progressed rapidly In a classical case the abdomen as a whole is 
very distended and on the upper part of the wall of the abdomen a 
fine network of vems is visible In none of the cases was a true 
caput Medusa visible, with the exception of the cases of Exchaquet 
which diverged from the usual, also, m other respects The pro- 
trusion of the abdomen is caused by a very pronounced enlargement 
of the hver which as a rule occupies the whole nght half and the 
greater part of the left half of the abdomen In some cases the im- 
pression was obtamed that after several years, rarely earher, the hver 
had somewhat diminished in size, greater expenence on this pomt is 
required, however In a smgle case (Worster-Drought) the hver 
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after many years was no longer enlarged at all The same holds 
true for the case of Pamas and Wagner, the one which finally became 
a case of diabetes melhtus 

Symptoms of infantilism such as retardation in growth (stature and 
weight) were not lackmg m the well defined cases m which the con- 
dition had existed for some years The type of the disturbance in 
growth vanes Some mvestigators {Hertz, Unshelm) have under- 
taken to analyze it but have proceeded from different premises On 
the one hand, a parallelism has been drawn with the disturbances in 
growth such as occur m other affections of the hver and such as are 
generally present in chronic diseases of important organs in childhood 
(kidney, heart, mtestme, and so on), that is, the varying forms of 
Infantihsm According to this conception the infantihsm noticed in 
cases of glycogen hver is a typical example of the hepatic infantilism 
ongmally described by Lereboulkl and other French mvestigators 
On the other hand, the disturbances m growth m gl> cogen disease 
ha\e been put in a different category, i e , under the conception of a 
dystrophy caused by a prolonged lack or shortage of carbohydrates 
in the metabolic mixture {Hertz, Ellts) 

An important mcrcase m length and skeletal development (wnst 
bones), as observed m both our patients within a period of some 
years (sec below), has also been found by other authors The cause 
of this amehoration is still uncertain (diet (?), hormone preparations 
(?), spontaneous amehoration at the approach of puberty (?)) 

Many of the patients show adtpostly The partition of fat in these 
children is irregular Face and trunk are often nch in fat, whereas 
the extremities, especially the lower ones, often appear to be poor m fat 
By the combination of disturbance of growth arising at an early age, 
and the peculiar distribution of fat we can explam the characteristic 
habitus of many of these patients, that is, the rclaticcly large bead 
with a full fat face, the trunk nch in fat and the slender extremities 
No agreement exists ns to the explanation of the speaal partition of 
fat which IS often present 

The psychic development is normal os a rule Contrasted with 
these cases there ha\e been desenbed others in which this mental 
development was dearly disturbed Not rordy the occurrence of the 
liver enlargement in these cases was preceded by a senes of symptoms 
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which might pomt to an encephahtis, and which might be of mterest 
from an etiological pomt of view 

Aspect of an endocrine disturbance Undoubtedly many patients 
with their relatively large heads, flabby faces, disturbance of growth 
and pecuhar distribution of the subcutaneous fat greatly resemble 
patients with an endocrme disturbance Indeed our first patient 
and the one of Biedermann resembled a patient with dystrophia 
adiposo-gemtahs In other cases (see Hertz, also Anderson and 
Vickery) the picture was more that of a pnmary neuro-hypophyseal 
disturbance 

Most of the cases of glycogen disease and more especially of glyco- 
gen hver described up to the present occurred as isolated examples 
There are, however, some m which the condition had a familial 
character or m which familial mcidence seemed likely Reports on 
gylcogen disease (-hver) m several members of one family are given 
espeaally by Exchaquet, and by Ellis and Payne, a f amili al character 
was further highly probable m the cases of Bellingham Smith and 
O’Flynn, Unshelm, Warner, and Worster-Drought Evidence of a 
familial character of the disease existed also m some cases of glycogen 
heart (see chapter 3) In this connection we also remind the reader 
of the cases descnbed by Dehri and co-workers Consangmmty of 
the parents of patients suffenng from glycogen disease existed m our 
first case of glycogen hver (father and mother were cousms), and m 
the cases of Unshelm (both grandmothers of the patients were cousms) 
Ellis and Payne mention a case m which father and mother of the 
patient also were cousms 

Considermg the central place of the hver m carbohydrate metabo- 
hsm it is no wonder that when glycogen hver is present, disturbances 
m carbohydrate metabohsm predominate 

Hypoglycemia and ketosis Both of our patients, while in the fasting 
state, showed hypoglycemia combmed with ketosis In most cases 
this hypoglycemia had been found to exist to a greater or less degree 
without the occurrence of so-called hypoglycemic symptoms In 
some cases, however, convulsions or epileptiform seizures disappear- 
mg after the mtake of glucose were noticed, we observed and others 
reported symptoms of himger for carbohydrates manifested as great 
preference for a diet nch m carbohydrates (bread, potatoes), often 
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there was a large appetite and an inclination to take frequent meals 
The patients often tired soon after exertion In addition there was 
m some instances nausea and vmnthng as well, the latter condition 
sometimes occumng in attacks of “acetonemic vomitmg”, especially 
m the mormng Recently this last-mentioned complex of symptoms 
has more often been regarded as connected with msufBcient abihty 
to mobilize the glycogen of the hver 

In both our cases ketosts existed m the fasting condition, more pro- 
nounced m the boy (m whom acetone was often found m the non 
fasting unne as well) than in the girl In other cases of glycogen 
disease the kctonuna was marked or slight, sometimes even absent 
The odor of the breath often demonstrated the presence of a ketosis 
The speed and mtcnsity with which the ketosis arose after a penod 
ol fastmg varied greatly m those cases exaimned from this view point 
After the mgcstion of different carbohydrates an existing ketosis in 
some cases was persistent and even mcreased, whereas the blood 
sugar level rose 

The fact that the combmation of hypoglycemia and ketosis was 
found in cases of glycogen disease, has overthrown the older con- 
ception that ketosis must be a symptom of the poverty of the liver 
with regard to its content of glycogen 

To give an explanation for the greatly varying conduct of the ke- 
tosis in the vanous cases exammed is difficult Pnor to some years 
ago the following explanation seemed to be the most reasonable one 
Under pathologic conditions the degree of a ketosis is generally detcr- 
mmed by the ratio of glj cogen to fat present m the liver The pro- 
duction of ketone bodies grows as the glycogen deposit decreases and 
as the fat deposit in the hver mcreascs In glycogen disease the gl> co- 
gen m the liver behaves cssentiallj as if it w ere not available for com- 
bustion tVhich part of the glycogen can be burned is unknown The 
ratio of glj cogen to fat in the hver m these cases, as autopsies have 
taught, vanes greatly 

The more carboh> drates arc available for combustion, the more 
difficult It IS to provoke ketosis in a fasting condition The fact that 
in cluldrcn with a glj cogen hver pre-existing ketosis continues for a 
long time after the ingestion of carbohydrates, or in the beginning is 
c\en intensified, points to the existence of a disturbance in the mter- 
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which might pomt to an encephahtis, and which might be of interest 
from an etiological pomt of view 

Aspect of an endocrine disturbance Undoubtedly many patients 
with their relatively large heads, flabby faces, disturbance of growth 
and pecuhar distnbution of the subcutaneous fat greatly resemble 
patients with an endocrme disturbance Indeed our first patient 
and the one of Biedermann resembled a patient with dystrophia 
adiposo-gemtahs In other cases (see Hertz, also Anderson and 
Vickery) the picture was more that of a primary neuro-hypophyseal 
disturbance 

Most of the cases of glycogen disease and more especially of glyco- 
gen hver described up to the present occurred as isolated examples 
There are, however, some in which the condition had a familial 
character or m which familial mcidence seemed hkely Reports on 
gjdcogen disease (-liver) m several members of one family are given 
especially by Exchaquet, and by Ellis and Payne, a familial character 
was further highly probable m the cases of Bellingham Smith and 
OElynn, Unshelm, Warner, and W orster-Drought Evidence of a 
famihal character of the disease existed also m some cases of glycogen 
heart (see chapter 3) In this connection we also remmd the reader 
of the cases descnbed by Debre and co-workers Consangumity of 
the parents of patients suffermg from glycogen disease existed m our 
first case of glycogen hver (father and mother were cousms), and in 
the cases of Unshelm (both grandmothers of the patients were cousms) 
Ellis and Payne mention a case m which father and mother of the 
patient also were cousins 

Considering the central place of the hver m carbohydrate metabo- 
hsm it is no wonder that when glycogen hver is present, disturbances 
m carbohydrate metabohsm predominate 

Hypoglycemia and ketosis Both of our patients, while m the fastmg 
state, showed hypoglycerma combmed with ketosis In most cases 
this hypoglycemia had been found to exist to a greater or less degree 
without the occurrence of so-caUed hypoglycemic symptoms In 
some cases, however, convulsions or epileptiform seizures disappear- 
mg after the mtake of glucose were noticed, we observed and others 
reported symptoms of himger for carbohydrates mamfested as great 
preference for a diet nch m carbohydrates (bread, potatoes), often 
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pressed as acetone was 20 4 mgm per 100 cc , against a normal value 
of 0-3 gm The unne of the same penod gave only a weaUy positive 
acetone reaction In our opmion the absence of acetonuna m the 
fasting state m some cases of glycogen liver does not on these grounds 
dimimsh the significance of the ketosis for the recogmtion of this 
disease Though we recognize the practical objections mvolved, an 
investigation of the degree of ketonemia is obligatory in these cases 
before one is justified m excluding absolutely the presence of a ketosis 
The following arguments must be considered m regard to the possi- 
ble significance of hormonal factors m the occurrence of varymg 
degrees of ketosis mcasesof glycogen liver, other than a possibly dimin- 
ished production of msulm or of thyroid hormone Clmical symp- 
toms and the results of exjienments on metabolism m different cases of 
glycogen hver pomt to a possible connection with a disturbed hypo 
physeal function We shall go mto this subject more deeply else- 
where The question here is whether in glycogen disease the ketosis 
may also be related to pitmtary factors, more espeaally to an over- 
production of the so-called ketogemc hormone In this connection 
we mention only two promts which m our opimon make this ex- 
planation improbable 1 In animal experiments with the blood and 
the unne of our boy — ^who showed the strongest ketosis and presented, 
moreover, the aspect of a patient with dystrophia adiposo genitahs — 
Dr Dtnganansc could not find any proof for the above mentioned 
conception 2 A minor argument The climcal symptoms and 
different peculanties in the metabolism in different cases of glycogen 
liver in general proint more to a hypo-production than to a hyper- 
production of the pituitary hormones, with which the ketogemc 
hormone is assoaated 

Of great importance m the differential diagnosis may be the remark- 
able fact that m some cases of congenital steatosis of the liver, which 
both clinically and with respect to the metabolism greatly resembled 
gl> cogen liver, acetonuna was not present {Debr6 and co workers, 
Kramer and co workers), even under conditions when in glycogen 
- acetonuna may occur in a marked degree (after ingestion of 
■hjdrales, after injection of adrenalin) —This point is of great 
•ortance, ns in the opinion of different authors tho differential 
^ ’between cases of glj cogen 11 ver and such cases of fatty h\ cr 
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mediaiy carbohydrate metabohsm — ^In this regard there is an analogy 
with the corresponding disturbance which has been demonstrated by 
many investigators {Akerr^t) in children, adults and in animal ex- 
periments after a prolonged use of a diet poor m fat 

In addition to this hver factor there are other factors to be reckoned 
with m explaimng the varying ketosis m glycogen disease, namely the 
dtet of the patient, the condition of kidneys and muscles and, as recent 
studies have taught us, very probably also hormonal factors It is not 
necessary to dwell here on the sigmficance of the diet for the degree 
of the ketosis The eventual r61e of the kidneys and muscles m the 
genesis of a ketosis m cases of glycogen disease reqmres further mter- 
pretation It appears clearly from the researches of Snapper and 
Grunhaum that imder normal conditions the production of ketone 
bodies takes place m the hver, and their destruction occurs m the 
kidneys and muscles Under normal conditions production and de- 
struction are approximately balanced A marked ketosis can anse 
either by an mcreased production of ketone bodies m the hver, or by 
an msuffiaent destruction of ketone bodies m the kidneys and muscles, 
or by a combmation of both factors Smce von Gierke has descnbed 
the combmation hepatonephromegaha glycogemca, one has to bear 
m mind that m cases of glycogen hver glycogen may also be accumu- 
lated m the kidneys, eventually accompamed by enlargement of these 
organs Analogous to the condition m diabetes meUitus certam inter- 
mediary functions of the kidneys, of which the destruction of the 
ketone bodies is one, may be changed by this accumulation of glyco- 
gen and the enlargement of the organ The same principle may hold 
true for the r61e of the muscles m the destruction of the ketone 
bodies, now that their share m the accumulation of glycogen in 
glycogen disease has been repeatedly estabhshed 
Here we wish to recall that the determmation of the ketone bodies 
m the urme does not give a true indication of the metabohsm of these 
bodies As there is no defimte level for the excretion of the ketone 
bodies by the kidneys, a hyperketonemia may exist without hyper- 
ketonuna The opposite also holds true — ^As an illustration, the 
following findin gs may be mentioned here recently a determmation 
was made of the ketone bodies m the fastmg (venous) blood of one of 
our patients The value obtained for the total ketone bodies ex- 
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pressed as acetone was 20 4 mgm per 100 cc , against a normal value 
of 0-3 gm The unne of the same period gave only a weakly positive 
acetone reaction In our opinion the absence of acetonuna m the 
fastmg state m some cases of glycogen liver does not on these grounds 
diminish the significance of the ketosis for the recogmtion of this 
disease Though we recogmze the practical objections mvolved, an 
mvcshgation of the degree of ketonenua is obhgatory m these cases 
before one is justified m escludmg absolutely the presence of a ketosis 
The following arguments must be considered in regard to the possi- 
ble significance of hormonal factors m the occurrence of varymg 
degrees of ketosis meases of glycogen hver, other t h an a possibly dimm- 
ished production of insulm or of thyroid hormone Chnical symp- 
toms and the results of experiments on metabohsm m different cases of 
glycogen hver pomt to a possible coimection with a disturbed hypo- 
physeal function We shall go mto this subject more deeply else- 
where The question here is whether m glycogen disease the ketosis 
may also be related to pituitary factors, more eqieaally to an over- 
production of the so-called ketogeme hormone. In this connection 
we mention only two pomts which m our opinion make this ex- 
planation improbable 1 In animal experiments with the blood and 
the unne of our boy — who showed the strongest ketosis and presented, 
moreover, the aspect of a patient with dystrophia adiposo-genitahs — 
Br Dtngevianse could not find any proof for the above mentioned 
conception 2 A minor argument The clmical sjmptoms and 
different peculanties m the metabohsm m different cases of glycogen 
hver in general point more to a hypo-production than to a hj-per- 
production of the pituitary hormones, with which the ketogeme 
hormone is assoaated 

Of great importance in the differential diagnosis may be the remark- 
able fact that m some cases of congential steatosis of the hver, which 
both clinically and with respect to the metabolism grcatlj resembled 
glycogen hver, acetonuna was not present {Dehri and co-workers, 
Kramer and co-workers), e%en under conditions when in glycogen 
h\er acetonuna may occur in a marked degree (after ingcsUon of 
carbohjdrates, after injection of adrenalin) — This point Is of great 
importance, as in the opinion of different authors the differential 
diagnosis between cases of glycogen hver and such cases of fatt> hv er 
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mediary carbohydrate metabohsm — ^In this regard there is an analogy 
with the corresponding disturbance which has been demonstrated by 
many mvestigators {Akerreii) in children, adults and in ammal ex- 
periments after a prolonged use of a diet poor in fat 

In addition to this hver factor there are other factors to be reckoned 
with in explainmg the vaiymg ketosis m glycogen disease, namely the 
diet of the patient, the condition of kidneys and muscles and, as recent 
studies have taught us, very probably also hormonal factors It is not 
necessary to dwell here on the significance of the diet for the degree 
of the ketosis The eventual rdle of the kidneys and muscles m the 
genesis of a ketosis m cases of glycogen disease reqmres further mter- 
pretation It appears clearly from the researches of Snapper and 
Grunbaum that under normal conditions the production of ketone 
bodies takes place in the hver, and their destruction occurs m the 
kidneys and muscles Under normal conditions production and de- 
struction are approximately balanced A marked ketosis can anse 
either by an mcreased production of ketone bodies m the hver, or by 
an msufl&aent destruction of ketone bodies in the kidneys and muscles, 
or by a combmation of both factors Smce von Gierke has descnbed 
the combmation hepatonephromegaha glycogemca, one has to bear 
m mind that m cases of glycogen hver glycogen may also be accumu- 
lated m the kidneys, eventually accompamed by enlargement of these 
organs Analogous to the condition m diabetes melhtus certain mter- 
mediary functions of the kidneys, of which the destruction of the 
ketone bodies is one, may be changed by this accumulation of glyco- 
gen and the enlargement of the organ The same prmciple may hold 
true for the r61e of the muscles m the destruction of the ketone 
bodies, now that their share m the accumulation of glycogen m 
glycogen disease has been repeatedly estabhshed 
Here we wish to recall that the determination of the ketone bodies 
m the unne does not give a true mdication of the metabohsm of these 
bodies As there is no defimte level for the excretion of the ketone 
bodies by the kidneys, a h 3 q)erketonemia may exist without hyper- 
ketonuna The opposite also holds true — ^As an illustration, the 
following findin gs may be mentioned here recently a deterrmnation 
was made of the ketone bodies m the fastmg (venous) blood of one of 
our patients The value obtamed for the total ketone bodies ex- 
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pressed as aciStone was 20 4 mgm per 100 cc , against a nonnal value 
of 0-3 gm The unne of the same penod gave only a weakly positive 
acetone reaction In our opmion the absence of acetonuna in the 
fasting state in some cases of glycogen liver does not on these grounds 
dimmish the significance of the ketosis for the recogmtion of this 
disease Though we recognize the practical objections mvolved, an 
investigation of the degree of ketonemia is obligatory in these cases 
before one is justified in excluding absolutely the presence of a ketosis 
The foUowmg arguments must be considered m regard to the possi- 
ble significance of hormonal factors m the occurrence of varymg 
degrees of ketosis meases of glycogen hver, other than a possibly dimin- 
ished production of insnhn or of thyroid hormone Clinical symp- 
toms and the results of experiments on metabohsm in different cases of 
glj cogen hver point to a possible connection with a disturbed hypo 
phys^ function We shall go mto this subject more deeply else- 
where The question here is whether m glycogen disease the ketosis 
may also be rdated to pituitary factors, more especially to an over- 
production of the so-called ketogemc hormone In this connection 
we mention only two pomts which in our opinion make this ex- 
planation improbable 1 In animal experiments with the blood and 
the urmc of our hoy — ^who showed the strongest ketosis and presented, 
moreover, the aspect of a patient with dystrophia adiposo-gemtahs — 
Dr Dtngcmanse could not find any proof for the above-mentioned 
conception 2 A mmor argument The chmeal symptoms and 
different peculanties m the metabohsm m different cases of glycogen 
liver m general pomt more to a hypo production than to a hyper- 
production of the pituitary hormones, with which the ketogemc 
hormone is associated 


Of great importance m the differential diagnosis may be the remark- 
able lact that m some cases of con^entlal steatosu of the hver, which 
wth chmcally and with respect to the metabohsm greatly resembled 
pycogen hver, acetonuna was not present {Dehri and co workers, 
rmtr and co workers), even under conditions when in glycogen 

^ '*=eree (after mgcstion of 

ai^hydrates, after injection of adrenahn) -This pomt is of great 
portance as in the opmion of different authors the differential 
-i-agnosis between cases of glycogen hver and such cases of fattyTvS 
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would be very difficult The fact that acetonuna was never found in 
a case of fatty liver such as that described by Kramer and co-workers — 
in which at the autopsy no glycogen at all was found in the hver— 
very probably indicates that the ketogenic functions of the hver are 
disturbed in such cases This absence of ketosis in cases of congenital 
steatosis of the hver deserves attention, the more so because even m 
cases of glycogen hver where next to glycogen also much fat was 
found m the hver, there did exist a ketosis (cases of Krakower and 
probably our first patient) 

The ketone bodies are the products of the beta oxidation of fats 
Next to a beta oxidation, there also exists, however, an omega oxida- 
tion of the fats, descnbed by Verkade and co-workers It has never 
yet been determmed whether products of this omega oxidation of fats 
occur m the urme of patients with fatty hver — In the urme of our 
patients with glycogen hver products of this oxidation were absent 

Disturbances m fat metabohsm and its endocrmal control can be 
studied by examimng the ketonemia after a fat-meal much better 
than by the detenmnation of the ketonemia in the fasting state (see 
the recent pubhcation of Kauvar) — Comparative study of the keto- 
nemia after a fast, and — ^what appears to be of greater value — after 
a fat-meal, in cases of glycogen hver and m cases of fatty hver, would 
be of the utmost value for our msight mto the metabolism of those 
cases, and for the differential diagnosis Such a study would also 
help us m findmg possible relations between both conditions, as Debre 
suggested 

The blood sugar ctirve after the mgestion of glucose was nearly always 
abnormal m the cases exammed, but the type of the curve vaned 
greatly In both of our patients we found a so-called biphasic curve, 
which was also obtamed in some other cases The blood sugar re- 
mained mcreased for a longer time than normally, the maximal nse, 
however, was not very marked No glycosuna occurred In other 
cases the elevation was greater, so that a more or less diabetic curve 
with sometimes greatly mcreased blood sugar was obtamed, the in- 
crease took place more slowly and at a later time and lasted much 
longer than normally Flat curves have been seen m some cases, with 
absence of hypoglycemia in the fasting condition — ^The explanation 
of these different curves is not as simple as some authors mdicated 
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when they gave as their opinion that the long-lasting and marked in- 
crease in blood sugar could be cxplamed by the diBiculties of storage 
of the arculatmg sugar alone, owing to the enormous accumulation 
of glycogen m different organs Here, also, other factors (r61c of the 
kidney) will have to be considered 
With a single exception the experience is that the tolerance for glu- 
cose IS not decreased m glycogen hver even after giving large amounts 
of this sugar, and notwithstandmg a \ery important nse of blood 
sugar Only in a few cases was a slight glycosuna observed after the 
mgestion of glucose. The case of Pantos and Wagner, as mentioned 
before, was noteworthy m this respect Also a case like that of 
Thoenes which is sometimes reckoned with the cases of glycogen 
liver, exhibited a pecuhar behavior in this regard, smce the hyper- 
glycemic curve after ingestion of glucose ended m five hours with 
hypoglycemia, collapse and the e.xcretion of acetone m the unne 
The eject cf adrenalin Most investigators have contented them- 
selves with detcrmimng whether an important elevation of the blood 
sugar always followed the injection of adrenalm As a rule, as in our 
patients, only a small elevation occurred, but m some cases the result 
was almost that enceuntered normally Formerly we should have con- 
cluded from the absence of any important increase m the blood sugar, 
that no glycogen deposit which could be mobilized was present in the 
hver or in the muscles Since the report by Wilder, Allen, Pouerand 
Robertson of a patient with hypennsulinism we know that no nse of 
the blood sugar need follow after the injection of adrenalm The 
Corn have furthermore tned to demonstrate that the elevation of the 
blood sugar which normally occurs after adrenalin mjection is only 
partly caused by mobilization of liver glycogen, and this only m so 
far as the pnmary elevation is concerned The adrenalin hyper- 
glycemia should be based chiefly on a decreased consumption of 
glucose in the muscles — This conception of the Cons was recently ent- 
iazed by Soskm, Priest and Schulz If the opimon of the Cons 
should prove to be right, then we can say that in spcculatmg on the 
c.vistcncc of a glycogen depot in the liver which can be mobihzcd, 
stress must be laid on the non appearance of the initial elevation of 
the blood sugar In judging this adrenahn effect in cases of glvcogcn 
hver, sufiiaent attention has not always been paid to this initial 

r’i- 
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elevation In those cases where due attention has been given to it, 
this initial elevation has been shght, though not constantly so No 
glycosuna was ever seen The absence of this initial nse of the blood 
sugar has, however, also been estabhshed in those cases where the 
hver certainly did not contain glycogen, namely m cases of fatty hver 
Kramer and his co-workers, for mstance, obtamed m their patient the 
foUowmg results fastmg sugar 28 mgm % , 10 mmutes after mjection 
of 12 minuns of adrenalm 26, after 20 mmutes 28, after 40 mmutes 
20 and after 60 mnutes 21 mgm % From these results doubts 
have ansen as to the significance of the adrenalm test m glycogen 
hver 

However, some other deviations from the normal m the adrenalm 
test will probably enable us to differentiate a fatty hver with its aid 
Thus we may mention, m the first place, the important increase m 
the ketosis after the mjection of adrenahn, as noted m patients with 
glycogen hver with ketosis Further, it has been found repeatedly 
that acetonuna, although absent before the mjection of adrenahn, 
was present after mjection In normal persons this effect does not 
occur at all, or only to a very shght degree In the patient of Kramer 
and co-workers, who had a fatty hver, no acetonuna was present 
after the mjection of adrenahn 

It may be worth mentionmg that while performmg this adrenahn 
test m our boy an attack of vomitmg occurred which began at the 
moment when the marked excretion of ketone bodies was at its high- 
est Such an attack of vomiting, which qmckly disappeared after 
the mgestion of carboh 3 '^drates, gave the impression of bemg similar 
to an attack m a patient with recurrent vomitmg Formerly such 
attacks occurred spontaneously m our boy We have connected 
these attacks with an mcreased bummg of fat occurrmg m a condi- 
tion of defective glycogenolysis Furthermore, we have called atten- 
tion to the possible significance of this (temporary) defective glyco- 
genolysis as an explanation for the attacks of recurrent vomitmg m 
general In the extensive literature on cychc vomiting m childhood 
this point has often been considered of late 

The adrenahn effect was found in some cases to be abnormal m 
that the nse of the lactic acid content of the blood, which normally 
accompanies the hyperglycemia after adrenahn injection and which 
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IS related to an increased splitting of the muscle glycogen, was only 
very slight or absent {van Crevdd, Lindsay and co-workers) 
Furthermore, in combimng the subcutaneous mjection of adrenahn 
with the oral administration of glucose in an amount ordmanly used 
for the tolerance test, an abnormal result (Burkens) was obtained m 
both our patients 

Summing up these arguments, it seems to us that in diagnosing a 
glycogen hver great significance must be attributed to the adrenalin 
test, provided that the procedure is not restneted to the determina- 
tion of the blood sugar curve For the differential diagnosis from 
fatty hver, speaal attention must be paid to the existence of a ketosis, 
or to the tendency for such a ketosis to anse If m the fasting con- 
dition a marked ketosis is present, then the adrenahn test is very 
probably superfluous, and if performed at all, it should be earned out 
very cautiously 

The vasomotor sj-mptoms following the mjection of adrenahn is ere 
normal in cases of glycogen hver 

Insulin efect An impwrtant point is the sensitivity of patients 
with glycogen hver to small amounts of insulm, as first found by the 
author The effect was studied by several investigators (ran Crevdd, 
LoescUke, Eerlz, Ranh and Zdson, Stindal Ranh and Zelson, after 2 
units of insulm, found only a moderate reduction of the blood sugar, 
after 5 umts, however, a long lasting reduction of the blood sugar was 
noted (initial value 60 mgm , IS mmutes after injection 70 mgm , 
30 rmnutes after 55 mgm , one hour after 45 mgm , 3 hours after still 
35 mgm ) , without shock symptoms 
The sensitivity to small amounts of insulm, such ns is met with in 
glycogen liver, may be related to a hver function modified as regards 
the carbohydrate metabolism, or it may have a neuro-hormonal on- 
gln This sensitivity has been found, on the one hand, m se\ ere hver 
lesions, on the other hand, when the contra insular hypophysis hor- 
ma e is lacking (sensitivity to insulm found m hypophj'sectomired 
dogs, m cases of Cushing's basophil adenoma), or when the adrenal 
medulla is destroyed {Bntlon and co-workers, narrop idem) In 
^ere liver lesions the sensitivity is very probably related to the 
uj'puglyccmia, which so often is present, and the failure of a gly cogen 
depot In glj cogen h\cr we may say that both factors are present. 
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Since the glycogen depot behaves for the greater part as if it cannot 
be mobilized Information as to how far the sensitivity to msulm is 
related to such peripheral factors, or to neuro-humoral factors, must 
depend on the results of further mvestigation 

The presence of the so-called tmital tnsuhit-hyperglycemta, which, 
when present, would prove the existence of a glycogen depot, was 
studied by the author and by Hertz The effect is not produced by 
pure insuhn preparations In our girl no such hyperglycemia was 
noted and m Hertz' case the effect was doubtful The absence of the 
effect m itself proves either the absence of a sufl&aent glycogen depot, 
or — as IS the case m glycogen hver — the presence of a glycogen supply 
which can be mobilized only with diffi culty 

Galactose attd fructose test Tests with galactose to examine the 
hver function gave normal values, even m cases with marked ketosis 
This fact IS more or less m contradiction to the decreased tolerance 
for galactose (and fructose), if the food is lackmg in carbohydrate 
This phenomenon has been found by some mvestigators m normal 
people Tests with fructose m the cases examined also gave normal 
figures for the most part Abnormal blood sugar curves after fructose 
have been obtamed, especially by Elhs (imtial marked nse of blood 
sugar) 

Glycogen of the blood We paid special attention to the glycogen 
of the blood after Schonheimer had found much glycogen m the blood 
of one of von Gierke's patients 6 days after death In both of our 
patients we repeatedly found, by means of a micro method of our 
own, increased values, as compared with the values m the great 
majority of the control cases This increase is pnncipaUy caused by 
an mcrease of the glycogen m the blood cells Further we found that 
the blood glycogen m glycogen disease was spht with greater difficulty 
than under normal conditions, whereas glycogen added to the serum 
of our patients was spht m the normal way Bewner and Loeschke 
say that in the blood of their patient, kept stenle, the blood glycogen 
could be spht to a greater degree than imder normal conditions — The 
increased values for the blood glycogen have been estabhshed by 
several other mvestigators, also {Bewner and Loeschke, Hertz, Sundal), 
but this mcrease was found m conditions other than glycogen disease 
as weU {Elhs and Payne) In two cases {Scholl, Rauh and Zelson) 

{T ^ 
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no glycogen at all was found ui the blood of the patientl It maj be 
that the method used played a rdle, a closer study is certainly re- 
quired In the two cases of Anderson the glycogen in the blood was 
detemuned following an acute infection, and then no mcrease was 
found —In the opimon of Ellts and Pavne the increase of the blood 
glycogen m glycogen disease is due to an increase of glycogen in the 
red cells and this fact should support the chnlcal findings which m- 
dicatc that m this disease many groups of cells other than the hver 
cells arc also affected 

Unshelm who recently made an extensive study of the glycogen m 
blood, found a parallelism between glycogen content of the blood and 
the number of leucocytes He could give no complete explanation for 
the stability of blood glycogen However, the author concludes from 
his experiences, that the stabihty of the glycogen, as found m the 
liver m one case of ^ycogen disease, differs from that of the glyco- 
gen m the blood Slaub and Golandes, ivho recently studied the 
glycogen of the blood extensively, lay stress on the fact that each in- 
dividual has his own constant fasting value. 

No doubt the study of the glycogen of the blood will keep its interest 
m the further research work on glycogen disease. The studies of 
WiUsldller and Rohdewald (compare later on) on the blood amylases 
and the condition of glycogen m the leucocytes will probably plaj a 
great r61e in this part of the research work on this disease 

Water melabohsm In view of the important place of the liver in 
the water metabolism it is no wonder that these patients with their 
enormous enlargement of the liver repeatedly showed disturbances m 
the water metabolism {van Crevdd, Wilder) That the large deposit 
of glycogen should also contribute to an increase of the water content 
of the liver was a correct supposition, for so it has appeared from the 
results m some cases which came to autopsy Based on the results 
of Badge and Badges, the existence of a mathematical relation be- 
t\\ cen liv er gl> cogen and liver water must be regarded as being highly 
improbable, how ever 

Cholesterol tn the blood As a rule the total cholesterol content of 
the blood was found to be more or less increased in the cases exammed 
There were, however, a few cxccpUons It appeared to us and to a 
few other investigators that the ratio of cholesterol to cholesterol 
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ester was as a nile nearly normal A marked decrease or even total 
disappearance of the amount of cholesterol ester m the serum, such as 
is found in chrome parenchymatous hver affections, was lackmg m 
these cases The fact, that the mcrease m the cholesterol content 
was not present m two cases of congemtal fatty hver may be of some 
significance from the standpomt of differential diagnosis To what 
this increase m the cholesterol content must be asenbed is not yet 
clear 

Ltpetnia Vanous mvestigators have been struck by the milky 
appearance of the blood serum of their patients In determinmg 
quantitatively the cholesterol it appeared that m addition to this 
substance the total fat content was, also, increased to a considerable 
extent Beumer and Loeschke found m their case that after givmg 
an extra supply of fat by mouth the content of the serum m total fat 
and m cholesterol mcreased and that this mcrease lasted much longer 
than would normally have been the case This fact should be of 
significance m the differential diagnosis from hver cirrhosis, smee in 
hver cirrhosis any hpemia after an extra supply of fat by mouth should 
be totally lacking as consequence of disturbances m absorption 
(Btlrger and Sabs) The fact could not be confirmed m one of the 
cases of glycogen hver, desenbed by Bamapp — ^The value of this 
test for the differential diagnosis of different hver affections has, 
moreover, of late been called in question The lipemic curves m 
patients with hver disease during a prolonged penod of fastmg, and 
after extra fat has been given by mouth, very often did not show 
deviations from normal curves {Leiies and co-workers) — ^The increase 
of cholesterol was not mfrequently absent m patients with a normal 
cholesterol metabolism just as in those with an abnormal one {S^iapper 
and Pansel) 

Protein parhttoii of serum In both of our patients the protein 
spectrum of blood plasma was practically normal In parbcular the 
very important mcrease m the globuhn content of the serum, which is 
present in the majority of chrome parenchymatous hver affections, 
was found to be absent in both of our patients on repeated investi- 
gation In judgmg the globuhn content of the serum the deviations 
m this content occurrmg after birth, must be considered This fact 
has been overlooked by Bamapp — ^In both of our patients corre- 
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ester was as a nile nearly normal A marked decrease or even total 
disappearance of the amount of cholesterol ester m the serum, such as 
IS found m chrome parenchymatous hver affections, was la ckin g m 
these cases The fact, that the mcrease m the cholesterol content 
was not present in two cases of congemtal fatty hver may be of some 
significance from the standpoint of differential diagnosis To what 
this mcrease in the cholesterol content must be asenbed is not yet 
clear 

Ltpemia Various mvestigators have been struck by the milky 
appearance of the blood serum of their patients In dete rmini ng 
quantitatively the cholesterol it appeared that in addition to this 
substance the total fat content was, also, mcreased to a considerable 
extent Beimier and Loeschke found m their case that after giving 
an extra supply of fat by mouth the content of the serum m total fat 
and m cholesterol mcreased and that this mcrease lasted much longer 
than would normally have been the case This fact should be of 
significance m the differential diagnosis from hver cirrhosis, smee m 
hver cirrhosis any hpemia after an extra supply of fat by mouth should 
be totally lacking as consequence of disturbances m absorption 
(Burger and Habs) The fact could not be confirmed m one of the 
cases of glycogen hver, desenbed by Harnapp — ^The value of this 
test for the differential diagnosis of different hver affections has, 
moreover, of late been called m question The hpemic curves m 
patients with hver disease durmg a prolonged penod of fasting, and 
after extra fat has been given by mouth, very often did not show 
deviations from normal curves (Lettes and co-workers) — ^The mcrease 
of cholesterol was not infrequently absent m patients with a normal 
cholesterol metabohsm just as m those with an abnormal one (Snapper 
and PanseT) 

Protein partition of serum In both of our patients the protein 
spectrum of blood plasma was practically normal In particular the 
very important mcrease m the globulin content of the serum, which is 
present m the majonty of chrome parench3rmatous hver affections, 
was found to be absent m both of our patients on repeated investi- 
gation In judgmg the globuhn content of the serum the deviations 
in this content occurrmg after birth, must be considered This fact 
has been overlooked by Harnapp — ^In both of our patients corre- 
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qwnding to the normal protem spectrum of the plasma was the norm 
sedunentabon rate of the erythrocytes m the defibrmated blood, 
well as in the non-defibnnated blood The Takata-Ara reaction, 
flocculation-test which is nearly always piositive m chrome parench 
matous hver affections, was negative m our boy and only weakly poi 
tive in our girl 

In the case described by Hertz the sedimentation rate of the erj'thr 
cytes was markedly increased and the iibnnogcn content marked 
decreased, so that probably there did exist an mereased globulin co 
tent This is a very pecuhar findmg, in this case, in which other liv 
function tests emplojed gave almost normal results (See in tl 
connection, also, the cases of Exchoguet) 

Urohhnuna was absent in the great majority of the cases Tl 
unne of our girl showed a slightly positive reaction for urobihn, t 
same was found in some other cases 
Other Imr funetton tests Several authors have made use of Uv 
function tests other than those mentioned above No impairment 
hepatic function was found with the aid of such tests 
The basal metaholssm was rarely determined In both of our p 
tients and in one of the patients of Schall and Uarnapp it was shght 
increased The patient of Hertz, however, shon ed a very greatly i 
creased metabohsm 

Blood normal blecding-time, normal coagulation tunc and nonr 
numbers of platelets have been reported The fragihty of the r 
corpuscles was normal The number of leucocytes in the uncomp 
cated cases vaned For the most part a slight Icucopenia with r 
atii e lymphocj tosis was encountered In our first patient (boy) t 
number of leucocytes was usually low, once as low as 2900 In o 
second patient (girl) the number of leucocytes n as normal or slighi 
increased In other cases the number of leucocj’tcs was normal 
slightly increased, only once was it found to be greatly incrcas 
{Beumer and Loeschke 24 800) The number of eosinophils not rare 
uas increased to 5% or more In several cases a mild anemia w 
found with normal or slightly decreased color index, and now and th 
a few nucleated red cells in the blood film The van den Bcrgh i 
acUon, both direct and indirect, nas nearly always negaUve, ictci 
index not increased 
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ester was as a rule nearly normal A marked decrease or even total 
disappearance of tke amount of cholesterol ester m the serum, such as 
IS found m chrome parench)Tiiatous hver affections, was lackmg m 
these cases The fact, that the mcrease m the cholesterol content 
was not present in two cases of congemtal fatty hver may be of some 
significance from the standpoint of differential diagnosis To what 
this mcrease m the cholesterol content must be ascribed is not yet 
clear 

Ltpemia Vanous mvestigators have been struck by the milky 
appearance of the blood serum of their patients In determimng 
quantitatively the cholesterol it appeared that m addition to this 
substance the total fat content was, also, mcreased to a considerable 
extent Beumer and Loeschke found m their case that after givmg 
an ektra supply of fat by mouth the content of the serum m total fat 
and m cholesterol mcreased and that this mcrease lasted much longer 
than would normally have been the case This fact should be of 
significance m the differential diagnosis from hver cirrhosis, since m 
hver cirrhosis any hpemia after an extra supply of fat by mouth should 
be totally lackmg as consequence of disturbances m absorption 
{Bilrger and Habs) The fact could not be confirmed m one of the 
cases of glycogen hver, desenbed by Hamapp — ^The value of this 
test for the differential diagnosis of different hver affections has, 
moreover, of late been called m question The lipermc curves m 
patients with hver disease durmg a prolonged penod of fasting, and 
after extra fat has been given by mouth, very often did not show 
deviations from normal curves {Lettes and co-workers) — ^The mcrease 
of cholesterol was not infrequently absent m patients with a normal 
cholesterol metabohsm just as m those with an abnormal one {Snapper 
and Partsel) 

Protein partition of serum In both of our patients the protein 
spectrum of blood plasma was practically normal In particular the 
very important mcrease m the globulin content of the serum, which is 
present m the majority of chrome parenchymatous hver affections, 
was found to be absent m both of our patients on repeated mvesti- 
gation In judgmg the globulin content of the serum the deviations 
m this content occurrmg after birth, must be considered This fact 
has been overlooked by Earnapp — In both of our patients corre- 
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sponding to the normal protein spectrum of the plasma was the norma 
sedimentation rate of the erythrocytes m the defibnnated blood, a; 
well as in the non-de6bnnatcd blood The TaLata-Ara reaction, £ 
flocculation-test which is nearly always positive m chronic parenchy- 
matous liver affections, was negative m our boy and only weakly posi- 
tive m our girl 

In the case descnbed by Herfc the sedimentation-rate of the erythro- 
cytes was markedly increased and the fibrmogen content markedl> 
decreased, so that probably there did exist an increased globulin con- 
tent This IS a very pccuhar finding, in this case, in which other livci 
function tests employed gave almost normal results (See in this 
connection, £dso, the cases of Exchaquel) 

UrohtUnuna was absent m the great majority of the cases The 
unne of our girl showed a shghtly positive reaction for urobilin, the 
same was found m some other cases 
Other ItvcT funclton tests Several authors have made use of live: 
function tests other than those mentioned above No impairment in 
hepatic function was found with the aid of such tests 
The basal metabolism was rarely detennmcd In both of our pa 
tients and m one of the patients of Schall and Harnapp it was shghtly 
mcreased The patient of Hertz, however, showed a very greatly m 
creased metabolism 

Blood normal bleeding time, normal coagulation-time and normal 
numbers of platelets have been reported The fragihty of the red 
corpuscles was normal The number of leucocytes in the uncompli- 
cated cases vaned Tor the most part a shght leucopenia with rel- 
ative lymphocytosis was encountered In our first patient (boy) the 
number of leucocytes was usually low, once as low as 2900 In our 
second patient (girl) the number of leucocytes was normal or slightly 
increased In other cases the number of leucocytes was normal or 
slightly increased, only once was it found to be greaUy increased 
{Bcumer and Locschke 24 800) The number of eosinophils not rardy 
was increased to 5% or more In several cases a mild anemia was 
found with normal or slightly decreased color index, and now and then 
a few nudeated red cdls in the blood film The van den Bcrgh re- 
action, both direct and indirect, was nearly alwaya ncgatiic, icteric 
index not increased 
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A shght temporary ja%indtce was occasionally mentioned m the 
histones 

The chlonne in total blood and senim m our cases and in those of 
EUu and Payne was normal Hertz found hypochlorerma 
No changes were found m the calcium or the magnesium of the 
serum, or of the serum filtrate, nor in the morgamc phosphorus of the 
serum filtrate The morgamc phosphorus of the blood was decreased 
in cases of Elhs and Payne, m one of the cases of Btedennann and 
Hertz and m the case of Sundal 
The von Pirquet and Mantoux tests were negative 
Serological test with the serum for lues or echmococcus were nega- 
tive in nearly all cases In the case of Beumer and Loeschke the 
parents were luetic In the case of Sundal the Wassermann test 
dunng a penod of jaundice was temporarily positive In the case of 
Hertz a shghtly positive echmococcus reaction was obtained with the 
blood on one occasion, but this could not be considered as proof of the 
presence of echmococcus 
Blood-urea mtrogen was normal 

The non-sugar reducmg fraction and the glutathione content of the 
blood were normal m both our patients 

Ferment tnveshgahcnis tn glycogen disease The greatest attention 
has been paid to the presence of carbohydrate splittmg ferments, both 
dunng life and m the organs after death As regards the results of 
the latter investigations the reader is referred to the descnption of the 
cases {Schonheimer, Unshelm, van Creveld, Hertz), and to the chapter 
on pathogenesis Dunng life the glycolysis of the blood was found to 
be normal {van Creveld, Hertz, Sundal, Harnapp) 

The diastatic activity of the blood was for the most part low as com- 
pared with that of normal children {Loeschke, Hertz, Rauh and Zelson) 
Unshelm found an increase of blood amylase m the blood of his patient, 
taken seventeen hours after death 
The urme diastase was m the mam found to be greatly mcreased 
{Beumer and Loeschke, Hertz, Unshelm, Rauh and Zelson, Harnapp) 
Concerning the cause and sigmficance of this excess of diastase m the 
urme there have been different opmions, without however a definite 
conclusion One has thought that the diastase ongmated from the 
hver, or from the pancreas, the mcreased excretion m the unne has 
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also been connected with an increased permeability of the kidneys 
WTiether this is related to an increased deposit of glycogen m the kid- 
ney IS not yet settled 

It has recently been pomted out that a more intensive study of the 
organ ferments in autopsied cases of gh cogen disease might be im- 
portant for our msight into the cause of that condition, when the new 
and important investigations of WillsISIIcr and RoMeivald are kept m 
mind Those in\ estigators made a thorough stud> of the ferments of 
isolated leucocytes and of the state of the glycogen m the liver, muscles 
and the leucocytes They differentiated “Desmoamylases” which 
remamed attached to the cell rests, but may be brought into solution 
by means of proteolytic ferments, and “Lyoamylases” which could be 
separated from the killed cell-constituents by solutions of defimte pH 
or by glycenn The activity of the desmoamjlases may easily be 
arrested, conversion of desmo- mto lyoamylases, howe%er, is very 
probably accompamed by a highly mercased activity of the amylase. 
To understand the sphtting of glycogen in the cells, next m importance 
to the amylases is the condition of the glycogen itself In the leu- 
cocytes glycogen should be attached to the cell proteins ns an adsorp- 
tive or more probably as a chemical compound (compare the hypoth- 
esis of Unshdm on the binding of gly cogen m glycogen disease m 
order to explain the great stability of the glycogen in this disease) — 
The application of these researches to cases of glycogen disease may 
indeed help us in solving the problem 
LxpolyUc actmty of the scrum was normal in both our patients In 
addition both a quinine- and an ntoxy] resistant lipase were absent 
from the serum In the case of Sohmon and Axtdcrson the lipolytic 
activity was decreased In Hertz' case the lipase content of the serum 
was distinctly' increased, the increase being caused pnnapally b\ a 
quinme-resistant Oivcr-)lipasc The author supposes that this in- 
crease in his case is not a sign of severe liver cell damage (as is usually 
accepted), as other liver function tests empioy'cd gave almost normal 
results Still it remains at least peculiar that along with this increase 
in quinine resistant lipase there existed in Hertz' case a hypo fibnno- 
gcncmia and, ns may be inferred from the increased sedimentation 
rate, v erv probablv also an increased globulin content of the serum 
The latter conditions in the blood lead one to suspect cirrhotic proc- 
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esses in tiie liver, whicli indeed have been found by others m con- 
nection with glycogen hver {Lindsay and others) 

The presence of much quinme-resistant hpase has, however, lost 
much of its value of late as a specific test for hver disease (Hulscher) 
The phosphatase activity of the serum was normal {yan Creveld, 
Elhs and Payne) 

Ohshpaiwn as weU as diarrhea and both in the same mdividual 
have been observed now and then The mvestigation of the stools 
m the great majority of cases gave no mdications at aU of a disturbance 
m digestion or absorption A few exceptions may be mentioned In 
the case reported by Natsh and Gumpert the faeces contained large 
amounts of starch The much-discussed patient of Parnas and 
Wagner showed m an early penod diarrhea, fermentation of the 
stool and temporary fat-stools After givmg thyroid, beside hpemia 
and hpuna, steatorrhoea developed Temporary steatorrhoea also 
existed m the case of Solomon and Anderson 
In many cases walking was impaired or the patients soon became 
tired The rapidly increasmg enlargement of the abdomen might 
explam these symptoms In others they could be explained also by a 
genu valgum which developed or — ^what is still more important — by 
an existmg hypotomaty or poor development of the muscles of the 
buttocks and the legs, which also gave nse to the possibihty of abnor- 
mal stretchmg of joints In some patients this caused a pecuhar 
gait, resembhng that seen m certam muscle diseases {Debre) The 
The neurological mvestigation m these cases gave a negative 
result 

X-ray tnveshgaiton of internal organs m the majonty of the cases of 
glycogen hver gave normal results The heart was often pushed 
upwards by the enlarged hver Only once was the combmation of a 
very large liver and evident enlargement of one kidney found {Wilder) 
Rontgenograms of the long bones m several cases demonstrated the 
presence of the weU-known transverse hnes m the metaphysis as a 
sign of irregular growth Not infrequently a growth of the long bones 
could be inferred from the displacement of these hnes Histologically 
the hnes were charactenzed by the persistence of transverse bony 
trabeculae (Krakower) 

The development of a slender and dehcate skeleton is mentioned by 
several authors 
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Osteoporosu was noticed m the cases of Unshdm and Herts In 
the latter’s case fracture of the femur from slight acadents occurred 
several times, these fractures healed within the normal time limits — 
Osteoporosis vhich gave nse to fractures of the femur was also pres- 
sent in one of the cases of Debri and co-workers 
Our first patient (boy) m 1930, also, had a fracture of the nght 
femur, caused by a slight trauma, there were, however, slight ra- 
chitic abnormalities of the bones as in several other cases In the case 
of Herts the osteoporosis prcdisposmg to fractures was connected with 
a hypophyseal disturbance 

The development of the skeleton of the wnst in several cases was 
found to be retarded for the age of the patient However, not rarely 
(e g m both our patients) a further development of the bones of the 
wnst was noted within a relatively short time (see later on) 

X-ray pictures of the skull rarely showed abnormalities of the sella 
turaca or other regions {Wilder, Erhcn and Kiister) 

Retardation in the disappearance of the milk teeth was noticed 
several tunes {van Crevdd, Herts, Ellis and Payne) 

Abnormahtics in hair growth diffuse falling out of hair was noticed 
in some cases (Debri), in others, persistence of fine lanugo hair in 
spots or distnbuted uniformly Sometimes diffuse or localized hyper- 
tnchosis w as noticed (Bellingham Smith and O’ Flynn) In the latter’s 
case the skin also showed a rapidly increasmg pigmentation 
Hemorrhages Our first patient (boy) during the first years of ob- 
servation often had blood in the stools, not infrequentlj in large 
quantities Sometimes only occult blood was present In the be- 
ginning we attributed this sjmptom to a possible obstruction m the 
portal system Later on a polyposis recti was found, which was the 
most likd> cause of the rectal bleeding A tendencj' to hemorrhage 
was noted during life m the cases of von Gierke Several patients re- 
peatedly had epistoiis (Hertz, Biedcrmann) Only m one case (Herts) 
was there found a definite change in the blood which could explain 
thu tendency to hemorrhage (fibropcnia m the case of Hertz) Trans 
itory purpura was present in one of the patients of Debri 
The superficial veins o\cr the upper part of the abdomen and the 
lower part of the thorax were often dilated A real caput Afcdtisae 
was only noticed m the cases of Exekaguet In some cases telangiec 
tascs m the face were seen 
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Phosphate excretion after carbohydrate ingestion Close relations exist 
between carbohydrate and phosphate metabohsm These have been stud- 
ied by many investigators In the normal organism these relations are 
demonstrated by the onset of changes m the phosphate content of blood and 
urme after the mgestion of different sugars When disturbances m the 
carbohydrate metabohsm are present, these changes m the phosphate 
metabohsm vary (Con, Pijoan and Quigley) It was of interest to study 
these changes m glycogen disease In order to avoid a repeated with- 
drawal of blood we studied only the excretion of morgamc phosphate in 
the urme, before and some hours after mgestion of different sugars (3 x 
30 gm of glucose, 4 x 30 gm of fructose) Comparison of the results ob- 
tamed m the patient with those m healthy persons shows that m the 
majonty of the experiments a dimin ution m the excretion of morgamc 
phosphate occurred As a rule, however, this dimin ution appeared later 
than m healthy persons and was not so marked Contrary to what usually 
occurs the diminution after glucose was as a rule greater than that after 
fructose — ^After the mgestion of dioxyaceton, a ketotnose, under normal 
conditions a marked diminution m the excretion of morgamc phosphates 
occurs, m our boy the excretion of phosphates showed m two experiments 
almost no changes under these conditions The possible significance of 
this fact we have discussed elsewhere — ^As regards the excretion of morgamc 
phosphates after the mgestion of glucose and fructose, our results speak m 
favor of the conception that phosphates are bound to carbohydrates, but 
the duration and the rate of excretion differ from that found m normal per- 
sons We cannot deduce anythmg more from these results 

Hertz exammed the changes m the excretion of phosphates m the urme 
on one occasion after 30 gm of glucose, and on another after 30 gm. of 
fructose Both times he found a greatly mcreased excretion of phosphates, 
as we usually see in diabetes melhtus 

The remark has been made that the relatively decreased phosphate ex- 
cretion found m our sugar tolerance test might correspond to the delayed 
return to normal of the blood sugar It appears that m this regard, also, 
no defimte conclusions can be drawn For example, after givmg 30 gm 
of fructose. Hertz' patient had a normal blood sugar curve, but a highly 
mcreased phosphate excretion Our patient had an abnormal blood sugar 
curve after fructose, but the phosphate excretion was for the most part 
less than normal — Harnapp after givmg 30 gm of fructose and of galactose 
found a shghtly mcreased phosphate excretion m the urme, after giving 
different amounts of glucose the results were mconstant 

On the basis of recent mvestigabons we came to the conclusion that if 
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one wants to draw inferences from the changes in the phosphate metabolism 
after the mgestion of sugars m patients with glj cogen disease, a simultane- 
ous examination of the phosphates of the blood, perhaps even of the differ- 
ent fractions of the blood phosphates, is impcraUve. We do not under- 
estimate the practical dilEcultics of the repeated wnthdrawal of the rather 
large quantities of blood necessary for the exanunation of this phase of the 
problem. 

Respiratory quotient In the introduction we pomted to the difficulties 
which one encounters in judging the sanations in the respiratorj quotient 
which have been found by recent investigators Almost always we have 
to deal with the resultant of different processes which take place simul- 
taneously With this qualification we shall report at this point some of the 
results obtained in glycogen disease — In our first patient we found normal 
values for the R Q (0 725, 0 775) in the fasting state After the mgestion 
of 25 or 50 gm ol glucose this R Q rose dunng the first hour, the maximal 
elevation was reached after two to three hours, which is somewhat later 
than usual Dunng each observation penod of four hours in four expen- 
ments we never found an elevation of over unit} Only once did the elcva 
tion really reach 1, namely two and three quarters hours after the mgestion 
of SO gm. of glucose In the patient of Wilder with h}'pennsuhnlsm the 
R.Q rose Immediately and reached the maximal value of 1 06 after two 
hours, after two and three quarters hours it still was 1 04 In Scltall’s 
cases the R.Q was incnased after the tolerance test with glucose, after two 
and after four hours it was still increased, but its value did not nsc higher 
than unit} In the patient of Famas and Wagner the R.Q remained about 
the same durmg the first hours after ingestion of glucose, after three hours 
It rose above unilv {Ilelmrctcli and Wagner) Wagner at that time thought 
that this fact could only be ciplamcd by a conversion of sugar into fat In 
our second patient (girl) the R Q after the ingestion of 20 gm of glucose 
rose in one hour to higher than unity, but the girl had not kept quiet during 
the obscnation A second attempt at determination lil^wise did not 
succeed 

The changes found in the R Q of our first patient after the ingcsUon of 
glucose were about normal, thus differing from those in diabetes mellltus 
On the basis of these findings and the changes obsen cd at the same time in 
the blood (Iilood sugar) and m the unne (disappcarace of the ketosis), we 
offered ns the most probable explanation the h}'pothcsis that in our patient 
after the ingestion of glucose there docs occur a fixation of gl}‘cogcn, but 
accompanied by a slow combustion of sugar 

The R.Q in our first patient after the mgestion of fructose rose slowl} 
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during the first hours m two experiments (normally a quick rise to even 
greater than umty) The possibility that a difference in the speed of 
absorption might have played a r61e here cannot be excluded It was more 
hkely, m our opmion, that our patient was able to fix fructose (as glycogen?), 
but that the quantity of sugar which was oxidized was smaller than after 
the mgestion of glucose (compare m this connection the phosphate excre- 
tion niter fructose and after glucose) 

We also studied the changes m the R Q after giving a ketotnose, dioxy- 
aceton, espeaally known as a substance capable of fonmng hver glycogen, 
and also as a recognized anti-ketogemc substance Normally after dioxy- 
aceton the R Q nses qmckly to umty and even higher In our first pa- 
tient the nse of the R Q was only small An effect on the excretion of 
ketone bodies, however, was distmctly noticed after one hour, whereas the 
marked decrease in phosphate excretion which normally is present after 
dioxaceton ingestion, failed m our patient — Thus on the one hand, we found 
changes m the R Q which greatly resemble those occumng in healthy 
people (after glucose), on the other hand, the changes were only shght, 
whereas normally they are considerable (after fructose and dioxyaceton) 
We are not justified in concludmg from the last-mentioned findmgs that m 
our case, after givmg fructose or dioxyaceton, only glycogen formation takes 
place, as there is also a distmct effect (appeanng later) upon the ketosis, 
e g an important oxidation of sugar 

It is accepted that the formation of glycogen from vanous sugars is 
influenced by several factors To these factors belong, amongst others, 
the rate of absorption from the mtestmes, the chemical configuration of the 
sugar molecule, the sugar concentration m the blood, insuhn and epi- 
nephrme {Con) The rate of mtestmal absorption m our expenments and m 
those of others with different sugars remams xmascertamed This fact of 
itself makes it difficult to draw further conclusions 

Note 

The following reports have come to our attention since this paper was 
ongmaUy prepared 

Ltmteweh has recommended the use of dihydroxyacetone for the differ- 
ential diagnosis between hver cirrhosis and hepatomegaha glycogemca 
In glycogen disease the apphcation of this ketotnose would not give rise 
to the appearance of even traces of this substance in the blood, whereas 
m hver cirrhosis a higher concentration than usual should be found Dihy- 
droxyacetone was determmed m blood after the method of Campbell 
The value of this test will depend on a larger experience 
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Ltmaccli, who like others assumes that m “glycogen hver” there exists 
an increased adsotpUon of diastase to the cell surface, b> which the ensyme 
activity IS inhibited (diastase-glycogen), ascribes this strong adsorption 
and the glycogen accumulation to a certain degree of hypcnnsuhnism 
From perfusion expenmenls in frogs Ltnncwdi concluded that this intensi- 
fied adsorption could be displaced by capillary active substances. This 
led to the regular oral administration of a chohc aad preparation (com- 
pound of chohcnadand Icathin) toa paUent with “glycogen liver ” The 
arcumference of the abdomen of this patient decreased during an observa- 
tion time of three months During a ptecedmg period in which the same 
patient was on an aadotic diet (nch m proteins) the circumference of the 
abdomen had increased a good deal 

Raltleder found that the excretion of ketone bodies in a patient with 
glj cogen disease (compUcated by xanthomatosis) from Seumcr's clinic 
(Gflttingen) — determined daily during short intervals — showed a constant 
rhythm During mght and m the afternoon the excretion was smallest 
The rhythm molntnined itself when food was withdrawn or when the ex- 
cretion of the ketone bodies was fortified by a preparation of the adrenal 
cortex or of the anterior h>pophysis The relation to the studies of Terr- 
gren and others on the rhj thm of the liver functions is mentioned 

Esser and Schetdegger described a case of glj cogen disease from the clmic 
of WieJattd (Corel) During the short time of clinical observation the 
patient, a girl seventeen months old, in addition to a greatly enlarged hver, 
osteoporosis and acetonuna, showed greatly accelerated respiration, severe 
perspiration, further increased residual nitrogen content and decreased 
chlorine content of the blood The fasting blood sugar was normal The 
girl died ivith symptoms of hepatic coma — ^At the autopsy the size of the 
liver appeared to correspond to that of a girl of ten years The li\ er con 
tamed much glycogen and also much fat The liver ccUs had a plant like 
structure as has also been found in other cases of "glj cogen li\ er ’’ Next 
to the liver the pancreas, kidneys, adrenals, m>X)cardium, striated muscles, 
brain and gastric mucosa contabicd much glycogen The adrenals were 
h}poplnslic, which might also haie been a secondary symptom 

From Japan Kaloo reported a probable case of “glycogen h\ er ’’ X ray 
application onI> slightl> decreased the volume of the liver 

iXfulebom recent!) reported a case of gl) cogen liver in a boy of thirteen 
jeats The diagnosis was made in consequence of the results of a biopsy 
of the h\cr The liver was slightly enlarged Hypoglycemia in fasting 
condition and ncctonuria were absent. There was no diminished response 
of the blood sugar to adrenahn The cholesterol content of the blood was 
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normal There was no over-sensitiveness with respect to msulm A 
diet poor in carbohydrates and nch m fat was well tolerated durmg ten 
months, without ketonebodies appeanng in the unne and this diet pre- 
vented a further mcrease of the size of the hver After a few senes of in- 
jections with fairly large amounts of msuhn length and weight of the patient 
mcreased considerably The author is of the opimon that disordered supply 
of the nervous stimuh may be the cause of glycogen hver, the source of 
faulty mnervation is sought m the upper and middle part of the thoraac 
spmal medulla Birth mjunes should play a large r61e m the nse of glyco- 
gen-disease The author reported the results of some experiments per- 
formed m rabbits m which the thoraac marrow was damaged The 
results of these expenments were m favor of his theory Two forms of 
hepatomegaha glycogemca are to be distmguished one due to hyperfunc- 
tion of one or more centres in the thoracic spmal meduUa, giving nse to a 
reactive hj^ennsulmism and to sjrmptoms such as the author’s patient 
shows, the other due to a hypofunction of these centres causmg a relative 
hj^ennsuhmsm with the typical sjanptoms such as hypoglycemia, ketosis, 
dimimshed sensitiveness to adrenahn and so on 

Beumer studied the cholesterol metabolism m a case of glycogen disease, 
comphcated by xanthomatosis The serum cholesterol which was very 
high at the start of the disease, remamed high after five days on a choles- 
terol-free diet, and remained imchanged five after days on a cholesterol 
diet, and then also dunng three months on a cholesterol-free and fat-free 
diet Beumer found the cholesterol-ester content of the serum to be inde- 
pendent of the diet The accumulation of the cholesterol thus appeared 
to be endogenous The cholesterol balance m the penod of the cholesterol- 
free diet was negative, and positive durmg the penod of the cholesterol- 
contammg diet 


3 CAKDIOMEGALIA GLYCOGENICA 

The first article by Povipe, soon followed by those of Btschoff and 
Piitschar, brought out the significance of abnormal glycogen accu- 
mulation in explaimng many cases of so-called “idiopathic hyper- 
trophy of the heart ” In his histo-chemical research of the heart m a 
case of so-called “idiopathic hypertrophy of the heart” Pompe found 
an extraordmanly large glycogen infiltration of the heart muscle fibers 
Following V071 Gierke, who had called the disease m which hver and 
kidney were found to be enlarged on account of an abnormally large 
accumulation of glycogen, hepato-nephromegaha, Pompe called his 
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CEse cardtOTTtcs^ha glycogcmcc Since then it has appeared that this 
enormous hypertrophy of the heart as a result of the accumulation 
of glycogen t^es a particular place in some respects among the cases 
of glycogen disease In the children with hepato nephromegaha de- 
scnbed by von Gierke there was no question about the absence of a pro- 
nounced hypertrophy of the heart In his first case the heart weighed 
80 gm (a girl of eight years) and macroscopically it did not show any 
abnormahty In his second case (that of a boy of nearly five years) 
the heart was slightly enlarged and microscopically the cells showed 
some fatty degeneration And also m the many patients (all children) 
which have been described with hepatomegalia glycogemca, including 
those studied by ourselves, neither cbmcaUy nor Rdntgenologically 
could obvious abnormalities of the heart be found The electrocardio- 
gram also proved to be normal in both of our patients In the few 
cases which came to autopsy no distinct hypertrophy of the heart was 
found In the case of Unskdm-Kimmelshel, m which the liver had 
the enormous weight of 1600 gm , large amounts of glycogen were 
found in the heart muscle on histological examination, without the 
heart being distinctly hypertrophied In Faber’s case of hepatomo- 
galia gl> cogcnica the heart was only moderately enlarged at autopsj 
in the fibers of the heart muscle no glycogen was found 

On the other hand, in the cases of veo marked hypertrophj of the 
heart caused by the accumulation of glycogen, only occasionally was 
there a simultaneous enlargement of another organ Sometimes 
{Pulschor, Antopol and co- workers, Humphreys and Kalo in cases I 
and II) the bver also pro\ed to be enlarged, but never to the same 
degree as the heart Ilertz and Jeckdn, and Wolff have dcscnbed 
great enlargement of the tongue 

Thus heart hj-pertrophy by glj cogen accumulation occupies a 
speaal place, and we may speak of a speaal cardiomegalic tjpe of 
glj cogen disease as some investigators have done alrcad) Even 
though in this Upc no particular enlargement of the other organs 
generally occurs, nevertheless in nearly all the cases that have been 
Clammed there were found, in addition to gl>cogcn infiltration of the 
heart, glycogen accumulations in ncarl> all the organs studied, the 
same state of affairs as in the liver kidnej type of glj cogcn disease 
Some results and figures ma> illustrate these findings 
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In all tissues which he examined (heart, hver, kidney, pelvis epi- 
thehum, thyroid gland, striated muscle, spleen) Pompe found a great 
deal of glycogen, notwithstanding the fact that the child had died 
from an acute febrile disease, that the organs had been kept for some 
days m the cold and after that for some time m a watery solution of 
formahn Accordmg to the current conceptions of the pathologists, 
the greater part of the glycogen should have disappeared from the 
organs as a result of this method of preservmg them, and after a 
febrile lUness such as this child had 
PjUschar found the hver cells and the epithehum of the convoluted 
tubules of the kidney vacuolated with glycogen 
In the case descnbed by Antopol and co-workers the formahn-fixed 
matenal was placed m absolute alcohol four weeks after the autopsy 
Analyses of the heart, hver, kidney and lungs were earned out by 
PjhlgePs method In spite of the fact that the organs had been m 10% 
formahn for so long a penod, 3 57% of glycogen was found in the 
heart, 3 25% in the hver, 4 34% m the kidney and 0 32% m the lungs 
The microcheimcal exammation showed that the thymus and partic- 
ularly the bloodvessels were filled with glycogen, the muscle fibers as 
well as the endothehum 

In the first case of cardiomegaha glycogemca descnbed by Hum- 
phreys and Kato, the tissues had been first placed m Zenker’s solution 
and m formahn The tissues fixed in formahn were embedded after 
one week m celloidm and stained with Ease’s carmine Subsequently 
this stam was apphed to the Zenker-fixed tissues Abundant glycogen 
was found in this way in the vacuoles present m hypertrophied muscle 
fibers of the heart and of the skeletal muscles, m the hver and kidney 
(pnnapaUy in the epithehum of the medullary tubules), and on the 
other hand, httle glycogen was present m cartilage cells, different 
smooth muscles, lymphoid tissue and thymus 
In their second case the histological structure of muscle fibers of 
the heart, of the hver cells and of the tubular epithehum of the kidney 
was typically changed The presence of glycogen was proved m the 
vacuoles of the heart muscle fibers after the heart had been kept m 
preserving flmd for five months 

In their third case (pubhshed with the consent of Dr Martha 
Wollstein of New York City) the microscopic exammation of hver and 
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heart gave about the same result as in the preceding cases The 
muscle fibers of the diaphragm were also vacuolated, the epithehum 
of some of the renal tubules was swollen, and centers of large pale cells 
were present in the spleen Glycogen was demonstrated m formalin- 
fixed sections of the heart, but tioi m those of the hver 
Their fourth case (pubbshed with permission from Johns Hopkins 
University records) was a presumptive one, because the presence of 
glycogen was not proi ed Myocardial fibers, hepatic cells and the 
cells of the collectmg tubules of the kidneys showed, honever, a 
histological structure which we now are justified m callmg more or 
less typical 

In the case recently described by M omens the autopsy was per- 
formed some hours after death The hver and heart gave a micro- 
scopical picture typical for glycogen disease (see later) Both Best’s 
carmin stain and lodin stain lor glycogen were positive, whereas 
Best's stain was negative when the tissue slides were first kept m the 
incubator under the influence of the activity of sahva for some time 
The glycogen content of the heart and hver determined in pieces of 
the organs kept in absolute alcohol lor five months was rc^ecbvelj 
10 and 6%. A piece of the heart tissue kept in a watery solution of 
formahn for the same tunc still showed a glycogen content of 3 9%. — 
In the case recently reported by Wolff the gl> cogen content of the 
dned organs ivas as follows heart 33 2%, hver 11 7%, kidney 6 95%, 
tongue 35 3% (see later) — Eerlz found m the case described mth 
Jeckein the foUomng values for the glycogen content of the fresh 
organs heart 7 9%, li\ cr 4 12%, skeleton muscles S 47%, tongue 
3 58%, kidney 1 223% (only the glycogen content of the heart was 
determined immediately after the autopsy) 

Some years ago we were able to make chemical analyses of tissues 
of different organs in a second case of cardiomegaha glycogemca in 
a baby of six months who died from bronchopneumonia In the 
unne shortly before death no acetone was found An abstract of the 
autopsy report, as r\ cU as pieces of different organs, were put at our 
disposal by the pathologist. Dr E Uammer of Amsterdam 
The autopsy was performed 24 hours after death IVhcn not ex- 
amined immediately the organs were kept froren for the most part 
( for some days At autopsy the child had a length of 60 cm , was \ cry 
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thin, the panniculus being nearly totally absent Thymus small, 
heart greatly enlarged, the enlargement being caused by thickenmg 
of the walls as well as by dilatation of the cavities The wall of the 
left chamber measured 17 mm m thickness No abnormalities of the 
valves The isthmus aortae was shghtly narrowed (circumference 
ISmm ) , the aorta itself was distmctly enlarged The lungs, especially 
the left one, were compressed by the large heart In both lungs ex- 
tensive pneumomc infiltration was found The spleen was normal in 
size, the cut surface bulged The remaimng lymphoid tissue was 
only moderately developed (mtestme, lymph glands) The hver was 
somewhat enlarged and soft, the cut surface showed no architecture 
The gaU bladder was filled with browmsh yellow hmpid bile The 
kidneys were of normal size, pale and firm, the cut surface, also, was 
pale 

Microscopically large quamtites of glycogen were found in the 
fibers of the heart muscle, the hver cells (espeaally m the penphery 
of the acmi), primitive bundles of the stnated muscles, convoluted 
tubules of the second order and coUectmg tubules of the kidneys, 
pulp of the spleen (especially at the border of the foUicles), adrenal 
(espeaally m the Txma reticularis of the cortex), spmal marrow, cell 
bodies of the ganglion cells, hair folhcles of the skin, further, in the 
walls of vessels and m connective tissue cells of all sorts of other 
organs 

The foUowmg results for the glycogen content were obtained 


Heart 

7 97% 

Muscle 

9 39% 

Liver 

9 13% 

Lung 

0 034% 

Spleen 

1 46% 

Spuial marrow 

0 583% 

Adrenal 

1 25% 

Blood (after death) 

18 mgm per 


100 cc 


We compared the results with those obtamed m the organs of a 
baby with verj’^ marked hypertrophy of both ventncles m a case of 
patent ventncular septum Both babies had passed through a penod 
of fever shortly before death 


Heart (L V) 

0 055% 

Spleen 

0 01% 

Heart (RV) 

0 07% 

Muscle 

0 011% 

Liver 

0 103% 

Blood 

(durmg 

Kidney 

0 062% 

hfe) 

12 75 mgm. per 


100 cc. 
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From these results we see dearly the enormous mcrease m the gly- 
cogen content, not only of the hypertrophic heart, but also of other 
organs, espeaally hver and muscle, m this case of idiopathic hyper- 
trophy of the heart In the patient with septum-defect, m whom the 
hypertrophy of the heart musde was at least as marked ns m the 
glycogen heart, only very small amounts of glycogen were found in 
the available corresponding organs The same result has since been 
obtained m two other cases of patent ventricular septum with very 
large ventncular hypertrophy 

Thus It appears that m many cases of cardiomegaha glycogemca 
much glycogen has been found, notwithstanding the fact that death 
occurred after acute febrile diseases, and m spite of the fact that the 
organs had been kept for a considerable tune after death — with a 
few eixcptions — in a repeatedly renewed watery solution of formalin 
Just as in hcpato-ncphromegalia glycogemca, this fact seemed a 
pmrt to point to a great stabiUty of the glycogen m these cases We 
eiammed the glycogen splitting power of the glycogen heart musdes 
according to a method analogous to that first employed by Schbn- 
hetmer and later on used by Umhdm m hcpato-nephromegalia gly- 
cogcnica. Wc investigated the decrease in the amount of glycogen 
in small pieces of heart muscle, on the one hand, after keepmg them 
for 48 hours at 37°C , and, on the other hand, after mixmg them n ith 
the same quantity of heart musde from a patient who died from 
mcmngitis, which latter tissue contamed only traces of glycogen 
Wc obtained the following results 

dj-cogro heart alone DecreaM from 7 86 to 6 74% 

In mixing opeitoent Decrotse from 7 86 to 1 7% 

Even under those conditions, so extraordinarily favorable for gh co 
gcnloysis, the glycogen in the glycogen heart showed a notable stabil- 
ity which, howc\ cr, disappeared for the greater part when mixed uuth 
heart musde obtained from the meningitis patient Just as In gly- 
cogen li\cr, this expenment of course did not deade the question 
whether the stability of the gly cogen was caused cither by an abnormal 
state of this gly cogen, or by the absence of a factor necessary for the 
destruction of gly cogen 

In his case recently desenbed with Jcckeln, Ilerlz has earned out 
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analogous experiments When kept at the temperature of the re- 
fngerator the glycogen content of heart and hver m his case dunng 
SIX days showed very httle decrease At 37°C and under optimal 
conditions for the diastatic activity (phosphate buffer of pH 6 9- 
6 5) the glycogen content of the heart tissue decreased m 26 hours 
about 50% and then remamed the same 

The enlargement of the heart m cardiomegaha glycogemcaj as a 
rule, IS an enormous one The weight of the heart, m comparison to 
the age of the patient, is much too large In the case of Pompe the 
heart weighed 190 gm (normally m the case of a girl of seven months 
36 gm ), m the case of Putschar 110 gm (four months old), in that of 
Antopol 85 gm (four and a half months old) In the four cases re- 
ported by Humphreys and Kalo the heart weights were respectively 
140, 260, 90 and 128 gm (the normal weights m the corresponding 
ages are respectively 29, 37, 27 and 31 gm ) In the case reported, 
by Hertz and Jeckeln (40 days old) the heart weighed 45 gm (normally 
at that age 21 4 gm ) 

In the cases of glycogen heart the form of the heart has been round, 
the apex being formed for the most part by both ventncles The 
valves are normal as well as the bloodvessels onginatmg from and 
gomg to the heart The wall of both ventncles is thickened to a 
high degree (e g in the case of Pompe the thickness of the left ven- 
tncle was 29 mm ), whereas m adult men this is only 7-10 mm , the 
cut surface of the right ventncle at the conus was 9 mm , whereas m 
adults at that place it is only 2-5 mm — In companson to the heart, 
the lungs generally seem small, especially the left lung, and more 
espeaaUy the lower part of this lung, which is pressed together to 
form a thm layer, having become atelectatic by the pressure of the 
enormous heart 

The histological aspect of the heart m cases of idiopathic hyper- 
trophy from glycogen accumulation is qmte charactenstic The cells 
of the heart muscle are at first sight changed beyond recogmtion 
Pompe gave the following descnption ''un r6seau de maiUes rondes, 
ovales ou plus aUongdes, dans lesquelles il y avait souvent im noyau 
au centre ou hors du centre de la cavit6 sur le bord ” High power 
magnification demonstrated that the network bordenng the open 
places showed some stnpes now and then, and this indicated that one 
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had to do with vacuolated fibers of the heart muscle. According to 
whether these fibers were cut lengthwise or crosswise they formed 
round, o\ al or elongated open spaces In all of the vacuoles a strongly 
positive glycogcn-colonng could be obtained Anlopol and co worhers 
lay particular stress upon the fact that the amount of stained sub- 
stance in the heart, both with BesVs carmm stain for glycogen and 
with the lodm-stain, was about the same In accordance with the 
investigations of 3foy and Kordomteh the presence of significant 
quantities of galactogen was ruled out herewith Anlopol and his 
CO workers describe the histology of the myocardium as follows It 
IS composed of a network of cytoplasm of varying thickness {2-i 
nukrons) In those places where the muscle is cut tangentially, the 
muscle cells appear in the form of hollow cyhnders surrounded by 
delicately stnated protoplasmic walls The nuclei of the interstitial 
cells are for the most part compressed The muscle nuclei are pe- 
ripherally situated Best’s carmm stain shows the mtmccUular non- 
protoplasmic areas to be filled with rods and droplets which stain a 
deep brilliant red 

Htimpltreys and Kalo, In dcscnbmg the results of the microscopic 
examination, stress the hypertrophy and vacuolisation of the heart 
muscle fibers In their first cose the largest fibers, up to 50 mikrons 
in diameter, were situated close to the endocardium and some of 
these probably were fibers of the Purktnje type 

As a result of the recognition of the fact that many cases of so- 
called idiopathic hypertrophy of the heart arc due to an abnormal 
accumulation of glycogen, an old question comes to the fore It 
concerns the relation between the so-called idiopathic hypertrophy 
of the heart and the rhabdomyomata of the heart Vsrcitow had 
supposed congenital hypertrophy of the heart to be caused by a 
diffuse formation of rhabdomyomata And, indeed, it appeared that 
the greater part of the rhabdomyomata of the heart am built up by 
muscle cells nch in glycogen, and in some cases a transition between 
isolated and diffuse rhabdomyomata of the heart could be found 
{Schmtneke) This question has been extensively discussed by Pompe, 
further by Anlopol and co workers, and by numphreys and Koto 
Poult has reccntlr desenbed two cases of congenital diffuse rhab- 
domyomata of the heart m one family ITic microscopical picture 
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of the heart muscle fibers, at least in one case, closely corresponded 
to that found m cases of glycogen heart It stands to reason, there- 
fore, that m reahty one had to deal with two cases of glycogen heart 
occumng m one family 

The findmg of glycogen infiltration m the heart, m a case of so- 
called idiopathic hypertrophy of that organ made Pompe raise for the 
first time the question to what extent this infiltration afforded a new 
and more general explanation of idiopathic hypertrophy of the heart 
The fact that this infiltration could also be found m nearly all the other 
organs m this disease, suggested a general disturbance of the me- 
tabohsm as the cause The experience obtained smce the pubhcations 
of Pompe and PutscJiar has taught us that many cases of so-caUed 
idiopathic hypertrophy of the heart can mdeed be explamed m this 
way Pompe himself in 1936 reported several cases observed m the 
Netherlands Besides these cases, however, there occur in babies 
cases of idiopathic hypertrophy of the heart m which the accumulation 
of glycogen m the fibers of the heart muscle is lacking (see among 
others Debr6, Bits soil and Lhoste, Debrt, Mane and Bernard, Mut- 
geert and Mansens) For these latter cases provisionally the name 
idiopathic cardiac hypertrophy must be maintamed 

In the hterature up to 1932 Pompe could find only four cases which 
were in accord with his case as regards the histological appearance of 
the heart muscle Two of these cases were of recent date {Steiner 
and Bogin, Sprague, Bland and White) Although the presence of 
glycogen had not been mvestigated m these four cases, he was of 
opmion that, because of the sunilanty of the histological appearance, 
he was justified m calhng them cases of idiopathic hypertrophy of the 
heart due to glycogen accumulation One of these four cases was 
“an enormous enlargement of the heart with vacuohsation of the 
muscle fibers, as well as vacuohsation of the hepatic cells,” descnbed 
by Sprague, Bland and White m 1931 — From a note in the article of 
Humphreys and Kato on page 599 it appears, indeed, that carm in e 
stamed granules were demonstrated m 1934 in the formalm fixed 
myocardial fibers by Dr Tracy B who had dop,e the autopsy 

m the case of Sprague On the same grounds case 4 of Humphreys 
and Kato was included m this group 

In a case recently descnbed by EUis, m a girl of four months, the 
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possible presence of a cardiomegaba glycogeruca was “suspected too 
late after the autopsy which also was not earned out until 48 hours 
after death” The histological aspect of the heart muscle fibers 
with the peculiar lacuohsation was, however, typical and in this 
case also the shddal muscles gave the same picture. Dunng hfe the 
latter fell rather increased tn size and firm It is not onl)' possible, as 
the author wntes, but m our opinion highly probable, that this was 
a case of glycogen disease, in which the muscular sj'stcm was prm- 
Qpally invohed No particulars of the metaboUsm during life ate 
given 

We recall also that in two of the cases of Bumphreys and Kalo 
the skeletal muscles showed the same typical changes, and that in one 
of these cases the vacuoles contained much glycogen Increase in 
size of the skeletal muscles was not mentioned here 
In the case recently reported by Wolff the tongue in addition to the 
heart showed an enormous accumulation of glycogen The latter 
had given nse to severe damage of the tongue muscle fibers Chn- 
icaUy severe functional disturbances related to the enlargement of 
the tongue were noted m this case and in the case reported by Berts 
and Jeckeln 

Is clinical recognition of tdiopalinc hypertrophy of the heart, caused 
by the accumulation of glycogen, possible? Though of late more of 
these cases have come to autopsy, still our knowledge with regard to 
the symptoms shown by the patients dunng life and mth regard to 
their metabolism is greatly Imiited One is inclined to consider the 
possibility of the existence of a so-called idiopathic hypertrophy of the 
heart, when at examination a large heart is found without vahnilar 
lesions or an anomaly of deielopment of which the enlargement mai 
be the consequence But notwithstanding this, the dmgnostic difli- 
culbcs are mamfold The hypertrophy of the heart due to glycogen 
accumulation is found as a rule m children who were normal at birth 
and who, until shortly before death, have not shown particular com- 
plaints 

This ivas the case in the patient described by Pontpe, for e.xample 
This chdd was obsened by us for some da\s before death The 
patient was a girl of sc\cn months, who had fallen ill ten days pre 
nouslj and uas soon m a cntical condition The child had formcrlv 
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been in good condition her development after birth had been normal 
— ^The case descnbed by Aniopol, Beilbrunn and Tuchnian was that 
of a boy of four and a half months who from birth had had an abnormal 
rapid respiration, but who until one month before admission into the 
hospital had shown a rather normal bodily development — In the cases 
descnbed by Humphreys and Kato there were more complaints In 
their first case the chmcal diagnosis was left sided lobar pneumoma 
and probably nght sided bronchopneumoma, cardiac hypertrophy 
with mitral regurgitation, based on organic (congenital) defect A 
soft blowmg systolic murmur had been heard at the apex and in the 
left midaxiUary hne — In their second case the chmcal diagnosis was 
unexplamed cardiac hypertrophy, possibly with endocarditis An 
inflammatory process had been ruled out by an X-ray film — ^Their 
fourth patient, a girl, was weak at birth At the age of seven weeks 
she had pneumoma Dyspnoea, high fever and mcreasmg prostra- 
tion preceded death at the age of six months The chmcal diagnosis 
was idiopathic hypertrophy of the heart In other cases dyspnoea 
after effort and arrest or retardation of growth was noticed dunng 
some time before the infant became seriously lU Sometimes also 
edema or cyanosis were temporarily noticed m an earher stage 
That we have to do with a patient suSermg from heart disease is 
obvious as a rule But it may happen that a so-called splenopneu- 
monia of the left lung, especially of the lower lobe, or some other 
pathologic pulmonary condition, can give a chmcal picture, which 
can only with difficulty be differentiated from the glycogen heart 
with pneumoma (or more properly from a pneumonia m a patient 
with general heart hypertrophy) In the child of Pompe one could 
not have thought of the possibihty of an idiopathic hypertrophy of the 
heart due to glycogen accumulation, and here the diagnosis “spleno- 
pneumoma” was the most probable one — ^By Rontgenological exam- 
ination we can as a rule recogmse with certamty the existence of 
hypertrophy of the heart, however, whether this hypertrophy is an 
idiopathic one, and, when this holds true, whether it is founded on 
glycogen accumulation, cannot be determined by the X-ray Here 
we encounter the same difficulty that is usually found in many congeni- 
tal heart defects, a certam diagnosis is made chmcally and at the 
autopsy one is surprised by totally imexpected findings 
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The age of the patient is only of little value Nearly all the certain 
cases of a glj cogen heart were m children who died between the ages 
of four months and one year, and rather suddenly as a rule As to 
idiopathic hypertrophy of the heart m general it is assumed that the 
patients reach the average age of one and a half years, the eldest 
patient was four years old — In nearly all the cases heart murmurs 
were lacking dunng life, but not constantly Here we have the ongin 
of many mistakes, the more so smee it may occur that a cardiomcgaha 
glycogemca is combined with a shght aortic stenosis (as we observed 
in one case) 

The patient (a girl) recently desenbed by Herts and Jeckeln died 
at the age of forty days and chmcally had given the impression of 
myroedema At the autopsy, however, no definite abnormality of 
the thyroid gland was found The possibihty that a more compheated 
endoenne disturbance (functional pituitary disturbance?) existed m 
this case, is discussed by Hertz 

■Whether the electrocardiogram is of any help is doubtful In 
the cases of congenital hypertrophy which cannot be classed os idio 
pathic in the stnet sense, it may be of help Here we are thinking 
more espeaally of the congemtal hj^iertrophies inadent to abnorma- 
lities m the heart muscle, such as interstitial myocarditis, whether 
or not caused bj changes m the coronary vessels, cases which formerly 
were unjustly considered as belongmg to the idiopathic cardiac hyper- 
trophies (Sloloff, Kiigcl and Sloloff) Theses cases deserve special 
attention also from other points of view Chmcally the distmction 
from cases of glycogen heart is usually very diSicult Pathologically 
the findings may be most interesting In 1924 Carrington and Krum- 
bhaar desenbed a morbid picture m a girl of ten months under the 
tide “so-called idiopathic cardiac hypertrophy in infancy ” The 
patient died at the age of one year The weight of the heart was 
136 gm The left coronary artery onginated from the pulmonary 
artery and there was shght fibrosis of the myocardium Microscopi- 
cal!) there acre found areas of very large lacuohscd muscle fibers 
Thirteen years later Ftnkelsletn still was able to demonstrate the pre- 
sence of glycogen in these fibers Histologically the structure was 
different from that found in rhabdomy omatosis, but rather resembled 
that of the heart muscle fibers m the glycogen heart To make a 
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distinction from the more diffuse abnormahties found m the glycogen 
heart Ftnkelstetn mtroduced for such cases the name cardtomegalta 
gjycogmica arcumscnpta Before the article of Finkdstein had 
reached us, we observed with Dr mn der Linde an analogous case of 
cardiomegaha glycogemca circumscripta m a girl of five months 
Dunng life the diagnosis of glycogen heart was considered probable 
At the autopsy also m this case there existed a congemtal malformation 
(very wide foramen ovale, combined with a wide pulmonary artery), 
which abnormahties must have caused circular disturbances — ^His- 
tologically, in addition to areas of vacuohsation and glycogen accumu- 
lation which showed a stnkmg correspondence to that of the heart m 
cases of cardiomegaha glycogemca, there were also regressive changes 
m the myocardium (increase of connective tissue, necrosis, fatty de- 
generation) The distribution of the glycogen field was prmcipaUy 
but not exclusively subendocardial Several explanations can be 
given to explam this circumscnbed cardiomegaha glycogemca In 
how far the condition is related to glycogen disease can only be es- 
tablished by a more thorough study with which we are now occupied 
That cases of hypertrophy of the heart due to glycogen accumula- 
tion should be recognized durmg hfe by a closer study of the metabo- 
hsm IS an expectation which thus far has not been fulfilled This is 
partly due to the fact that the patients do not come to the doctor until 
rather late, when there already exists a comphcatmg pneumoma, for 
example — ^The alterations m the metabohsm, more or less typical for 
glycogen liver, were absent m a case of idiopathic hypertrophy of the 
heart with absence of glycogen accumulation m the hver as estabhshed 
at autopsy This case was studied by Mutgeert The patient de- 
scnbed by Bertz and Jeckeln showed absence of a so-caUed imtial 
msuhn hyperglycerma, but did show a severe, long lastmg adrena l i n 
hyperglycemia The fastmg blood sugar was nearly normal Ront- 
genologicaUy an enlarged heart was found As t)ie morbid picture 
m this case was very comphcated, no definite conclusions with refer- 
ence to diagnosis could be drawn 
Humphreys and Kato, m the hght of the findmg of typical vacuolar 
degeneration of skeletal muscle in two cases, combined in one case 
with the demonstration of much glycogen, suggest that biopsy of 
skeletal muscles may be useful in the identification of doubtful cases 
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Qf glycogen disense Tbis possibility could also be inferred from tbe 
findings of Lilts ated above —The child of PuiseJmr showed pecuhar 
collapses with disturbances of consaousness, which, according to 
Bciimer, must in retrospect be regarded as hj-poglycemic attacks 
Howe\cr, m other cases, reported since, we cannot find anything of 
this kind m the anamnesis of the patients Typical changes in the 
blood or m the unne, which can be regarded as charactenstic for the 
diagnosis of glycogen heart, have thus far not been found In one of 
the cases of Ilumphreys and Kato the absence of acetone and diacctic 
and in the unne shortly before death is stressed Acetone was also 
absent from the unne in the case which we were able to exaimne 
This does not prove, however, that there is no tendency to ketonuna 
or ketoncmia in cardiomegalia glycogenica — More mtensive study of 
the glycogenolytic ensymes is lacking, and close observation and study 
are required 

Special characteristics which would play a r61e in the recognition 
of hcpatomcgalia glycogcmca have thus far not been established m 
the cases of cardiomegaha glj cogenica Evidence of a familial char- 
acter of the disease was present only in the case of Sprague and co- 
workers The familial character existed m the cases desenbed as 
diffuse rhabdomyomata of the heart by Pauh {sec earlier), and perhaps 
also in the case of glycogen heart, desenbed by ifutgeert and Maisscns 
The absence of acetone and acetic aad m the unne shortly before 
death is stressed in several cases Speaal adipositj , or the external 
symptoms of an endoenne disturbance, have rarely been observed 
Adrenals, thjTOid, hypophysis and pancreas rarely shoned altera- 
tions in the cases examined Pigmentation was lacking 

Notwithstanding the very Insufliaent knowledge of the metabolism 
in the coses of cardiomegalia there are many arguments which speak 
in fa\or of accepting one cause in common for the cardiomegahc and 
for the hcpatomegalic type of glycogen disease. In both types stress 
IS laid on the extraordinarily large amount of glycogen accumulated 
m the organ concerned, and on the abnormal resistance of this gh cogen 
to splitting, which under other arcumstances may disappear In 
both types the accumulation of glycogen is, furthermore, not restneted 
to the organ that is dearly ^ isibU enlarged MTiat is the reason w hy 
at one time the cardiomegalic type appears, at another the hepato- 
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megalic? A defimte answer to this question cannot be given at the 
present time Much will depend on the results of an extensive mves- 
tigation of the metabohsm m children in whom the diagnosis cardio- 
megaha glycogemca was suspected durmg hfe and confirmed at 
autopsy 

The pecuhar behavior of the cardiac glycogen, as compared with 
that of the skeletal muscle and the hver, (well-known from difierent 
observations), gives us only a partial mdication In the depancrea- 
tized animal, for example, the glycogen content of the muscles and of 
the hver dimishes, whereas the glycogen of the heartjdoes not diminish 
or may even mcrease This might pomt to a r61e played by the islands 
of Langerhans However, cardiomegaha glycogemca, as described 
above, is sometimes combmed with hypertrophy of the skeletal mus- 
cles, caused by the accumulation of glycogen Moreover, m cases of 
glycogen heart there is always present at the same time an accumula- 
tion of glycogen with the typical resistance in other organs which do 
not show hypertrophy We might arrive at the conclusion that there 
exists a so-called plunglandular disturbance, for the abnormal re- 
sistance of the glycogen of the skeletal muscle has been descnbed in 
adrenal insuffiaency, and that of the heart in pancreas msuffiaency 
Lesions of the pancreas or of the adrenals were rarely found m cardio- 
megaha glycogemca This is only a minor argument agamst the 
r61e of these organs, as there is a great contradiction between patho- 
logic findmgs and functional disturbances in organs with internal 
secretion 

In the hght of recent mvestigations it is possible that m glycogen 
disease also a disturbed h 3 q)ophyseal function wiU ultimately be as- 
signed the etiological r61e, to explain the apparent plunglandular 
disturbance (see chapter 6) But even if cardiomegaha glycogemca 
is related to defimte endocrme factors, m addition those local factors 
wiU have to be considered which, durmg fetal hfe, influence the accu- 
mulation of glycogen on the ground that under certain circumstances 
they may retam their fimction after birth 

4 GLYCOGEN ACCTOTULATION ACCOMPANIED BY HYPERTROPHY OP 
ORGANS OTHER THAN LTVER AND HEART 

The more general significance of abnormal glycogen accumulation 
in the hypertrophies of organs was first evident from the fact that 
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the children descnbed in 1929 by von Gierke showed in addiUon to the 
hypertrophy of the hver an hyperlrophy of the kidneys with an enormous 
accumulation of glycogen Here, also, von Gierke sought a relation- 
ship to the glycogen accumulation found m the embryomc kidney 
In addition to these in the few cases of glycogen hver which have come 
to autopsy (the findings in cases where hypertrophy of the heart pre- 
dominated were discussed separately) , the combmation of hypertrophy 
of hver and kidneys, caus^ by glycogen accumulation, was rarely 
found Recently von Gierke himself descnbed a case of glycogen hver 
m which an enlargement of the kidneys was absent Such an hepato- 
nephroraegaluL glycogcnica was present m the case descnbed by Faber 
(mth 5 9 per cent glycogen for wet weight of kidney) and m two cases 
descnbed by Krakower In the first case of Krakower the kidneys in 
spite of being kept for sacral months m fixation fluid contained 11-5 
per cent of glycogen m terms of dry weight (According to Popper 
and IVozasek the kidneys ordinarily contam 0 29 to 0 69 per cent of 
glycogen, nsing to 0 97 and 1 64 per cent m diabetes) 

In the numerous cases of glycogen hver which have been examined 
more or less extensively by clinical methods only, the simultaneous 
existence of a nephromegaha has been mentioned only once Wilder 
m his case made the diagnosis of hepatonephromegaha because m 
addition to a greatly enlarged hver there could be seen m the X-ray 
the shadow of on enlarged kidney The recogmtion of n nephro- 
megaha glycogcmca will certainly not be a sunplc matter Lindsay 
and his co workers tried to demonstrate the existence of large kidneys 
by intravenous mjections of uroselectan, but on account of the very 
large hver the outline of the kidneys could not be well recognized 
The possibility of deduang the existence of a glj cogen accumulation in 
the kidneys by the occurrence of a great deal of glycogen m the unne 
IS very slight, as mentioned before, regardless of whether those kidneys 
arc enlarged or not One investigator examined the unne of a patient 
with gljxogcn hver for the occurrence of glycogen, but found nothing 
It must be noted, however, that the method giv cn for this examination, 
which was proposed bj Cappenberg, must now be considered as being 
totall) unsuitable 

However, to understand the differences m metabolism in glj cogen 
disease, it is unportant to know whether much glycogen is accumulated 
in the kidnev s, the more so when this accumulation is accompanied by 
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a marked enlargement of these organs We allude here, m the first 
place, to the mcreased excretion of diastase m the unne found m many 
cases of glycogen hver, which had been related by some authors to a 
changed permeabihty of the kidney (caused by the accumulation of 
glycogen?) Furthermore, it is very probable, m view of the signifi- 
cance of the kidney m the destruction of ketone bodies, that themetab- 
ohsm of these ketone bodies wdl be altered when an accumulation 
of glycogen is present m the kidneys Adequate investigations which 
would have great importance, also, m the diagnosis of this condition, 
are still lacking, however 

Expenence has taught us that the possible r61e of glycogen in hy- 
pertrophies of other organs wdl be of great mterest 

Congemtal hypertrophy of the pylorus appears m the min ority of the 
cases (m our own expenence) to be related to a marked accumulation 
of glycogen m the musculature of the pylorus In ex aminin g at au- 
topsy the pylorus muscle of a babj’-, who gave the typical clmical 
picture of congemtal hypertrophy of the pylorus, the smooth muscle 
fibers showed a picture greatly resembhng that found m idiopathic 
hypertrophy of the heart caused by accumulation of glycogen All 
the vacuoles present m the muscle fibers appeared to be overfilled 
with glycogen Prof Deelman also found an analogous overfiUmg 
of the muscle fibers of the pylorus with glycogen m a case of very large 
clearly circumscnbed hypertrophy of the pylorus m a woman of 
thirty-one years, who had suffered from stomach ailments durmg her 
entire life In recent years we have several times been able in cases of 
congemtal hypertrophy of the pylorus, thanks to the cooperation of 
some colleagues, to examine the pylorus or some muscle fibers of the 
pylorus removed at a Rammstadt operation for the accumulation of 
glycogen m the muscle cells In these cases the result has always been 
negative 

Of interest is the accumulation of glycogen which has been dis- 
covered by some authors m voluntary muscles, either by quantitative 
determmation, or nucrochenucally This glycogen accumulation has 
been foimd m cases m which h 3 q)ertrophy of the hver predonunated, 
as well as m those m which hypertrophy of the heart predonunated, 
and m both groups the glycogen m the muscles showed the same prop- 
erties Much glycogen has been found m the voluntary muscles m 
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our case of cardiomegaha glycogemca In those cases nhich were 
examined histologically a typical degeneration with vacuoles was found 
in the stnated muscle fibers In some of these cases glycogen could 
be demonstrated in the vacuoles 

These findmgs direct attention to the possibility that some cases of 
mtsck hyperlrophv might belong in the sjTidrome of glj cogcn disease 
Indeed EUis found in a recent, almost certam case of glycogen heart 
that dunng life the muscles on palpation seemed “rather increased m 
size and shape ” Experimental and extensive chnical research will 
perhaps offer the possibihty of differentiatmg these from other forms of 
hypertrophy of the muscles The fact that in some cases of this 
disease the stnated muscle fibers showed the typical changes m their 
structure may be of significance for the diagnosis of glj cogcn disease 
tn WHO (sec Ilumphreys and Kato in the chapter on the glycogen heart) 
However, the presence of glycogen is not a constant findmg {Faber, 
Scliall, von Gicrhe) 

In addition to these findings we have at our disposal observations 
on the accumulation of glycogen in other organs, among which the 
central nervous system should be particularly mentioned {Unsliclm- 
Kmmelsltel m a case of glycogen liver found glj cogcn m different 
areas of the bram, especially in the medulla, van Crcveld by the use of 
quantitative methods in a case of glycogen heart found much glycogen 
in the spinal medulla) Here, there is also the possibihtj that a rela- 
tionship exists between chmeal symptoms referable to the central 
nervous system, and the special localized accumulations of glycogen 
in the brain (convulsions, epilepsy, idiocy) — This question is of speaal 
significance for the explanation of obesity of varying types, as found 
in many cases of gly cogcn liver Is this obesity always pnmanly of 
an endocrine nature, or is it connected with disturbances m the rcRto 
lt)potlialamtea, caused by the accumulation of glycogen? Qinically 
there is, on the one hand, resemblance to the obesity in dv strophia 
adiposo-genitalis, where the neurological cause is known, on the other 
hand, there often is resemblance to the distnbution of fat m Ciufting’s 
syndrome, which is of endoenne nature {Barr) 

That much gly cogcn may be found in parts of the central nervous 
system is a fact which has been much studied from both the phylo 
genetic and the ontogenetic points of view The findmg that gly cogcn 
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in glycogen disease may also accumulate m these places in itself speaks 
m favor of the view, which we also share, that m this disease one is 
justified in speakmg of the contmuation of a fetal condition 

Whether there exists a form of glycogen disease m which the chief 
accumulation of glycogen is m the bram (or m the spinal medulla) 
IS still an unsolved problem If it occurs, then to a certam degree 
there should exist an analogy with amaurotic idiocy, the disease of 
TaySachs One becomes convmced more and more that in this 
disease we have to deal with a general metabohc disturbance, closely 
related to the disease of Ntemann-Ptck where, however, the locahsation 
IS preponderantly, although not exclusively, m the cerebrum Von 
Gierke reckoned glycogen disease with thesaunsmoses, to which also 
the hpoidoses belong 

5 DIFPEKENTIAL DIAGNOSIS 

Are the symptoms of hepatomegaha glycogemca, as found m both 
our patients and described m many other cases since pubhshed, char- 
acteristic for this disease? The question has great importance for the 
differential diagnosis of glycogen hver from other chrome hver diseases 
which give nse to enlargement, and m separating enlargements of 
other organs due to accumulation of glycogen from enlargements 
caused by other conditions such as tumors (e g , adrenal tumors and 
kidney tumors) The question is also of importance when a decision 
must be made concermng the advisabihty of laparotomy m a doubtful 
case In our first patient, before he came under our care, a laparot- 
omy was done because of the possibihty of a neuroblastoma with 
metastases to the hver (tjqie Pepper), givmg nse to marked enlarge- 
ment of that organ Our own expenence and the expenence of others, 
as recorded in the many recent pubhcations on glycogen disease with 
marked hypertrophy of the hver, penmts an afl&rmative answer to the 
above question m the great majority of cases of glycogen disease 
In hepatomegaha glycogemca there exists a senes of chmeal and bio- 
chemical symptoms, varymg greatly m different cases, which have 
never been observed m other chrome hver affections, at least not m 
this combmation — The abdomen is very large, the enlargement bemg 
due to great mcrease m size of the hver The history mdicates that 
the enlargement of the hver was present at birth or appeared soon 
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afterwards It is painless, for a tune the increase in size is progressive 
The surface of the enlargwi liver nearly always is smooth. The gen- 
eral condition of the patient, even after the enlargement has existed 
for many years, remains good for the most part Eventually other 
organs become hypertrophied but not the spleen — or the spleen be- 
comes only sbghtly mcreased m size — In the greater number of the 
cases described chrome hypwglyceinia m the fastmg condition com- 
bmed with ketonuna is present When as sometimes happened in one 
of our patients, no ketonuna was present m the fasting state, the ex- 
istence of a ketonemia could still be demonstrated After the mjection 
of adrcnalm, usually, there is an absence of a rise or only a sbght nse 
of the blood sugar, whereas the adrenahn effect m other respects is 
abnormal also Next among the other abnormal effects are the slow 
disappearance of the ketonuna, which in the earhest stage not rarclv 
mcreases, and the abnormal blood sugar curve, these abnormal effects 
develop after giving different carbohydrates, almost always without 
any marked excretion of sugar in the unne. No distinct dev lations 
from the normal m the morphological or physical properties of the 
blood are observed Increased blood gl> cogen and blood lipoids, 
particularly an increase of the cholesterol have been observed Often 
there is a peculiarly localized adiposity, and the aspect resembles that 
of patients with an endocrine disturbance 
On the other hand, in hepatomegaha glycogcnica, in so far as the 
cases have been investigated, clinical symptoms and laboratory find- 
ings which arc present usually m on carher or later stage in other 
kinds of chrome liver enlargement (espcaally cirrhosis of different 
ongms) are absent for the most part AVe refer to chronic jaundice, 
edema, asates, severe haemorrhages, enlargement of the spleen, uro- 
bfimuna and a positive galactose or fructose test or both Further, 
other features, often present when the enlargement is accompanied 
by dcstnicUve processes, arc lacking, such as a very marked increase 
of the globuhn content of the blood scrum, a highly positive Takata- 
Ara reaction (the result is usually parallel to the increase of the 
globuhn content), a marked decrease in the quanbty of cholesterol 
esters in the serum and abnormal results of vnnous other hver func- 
tion tests 

There arc m the htcraturc several reports of children with enlarge- 



98 


S VAN CRE\rELD 


ment of the liver, mostly cirrhoses, with anomahes m the carbo- 
hydrate metabohsm more or less similar to those found in the majority 
of cases of glycogen hver In these cases there often existed along 
with a (hepatogemc) hypoglycemia of varymg degree m the fastmg 
condition, a tendency toward the appearance of hyperglycemia and 
excretion of sugar m the unue after the mgestion of sugar This was 
espeaally the case after the mgestion of fructose and galactose, the 
sugars which are used m the examination of the glycogenetic function 
of the hver ChmcaUy and pathologically, the symptoms of a cirrhosis 
were found m these cases for the most part {Knauer and Frtedlander, 
Warkany, Halbertsma and others) Among these cases only the 
patient of W arkany showed ketosis m the fastmg state The reaction 
after the mgestion of carbohydrates pomted to the fact that the 
glycogen content of the hver was small This was confirmed by 
such autopsy observations as were made, particularly m the autopsy 
performed by Hamperl m the case of Warkany In some cases, then, 
the analogy with glycogen hver was chmcaUy striking and the analogy 
held m respect to the disturbance m carbohydrate metabohsm How 
complete a correspondence existed cannot be stated as a more detailed 
mvestigation of the metabohsm was lacking (Theones) and chmcally 
there were some differences 

More recent investigations in which the metabohsm was studied 
more extensively, have taught us that the differential diagnos- 
tic difficulties between glycogen hver and hver cirrhosis sometimes 
mdeed may be large, though the differentiation is not impossible 
Accordmg to our own experience this possibility exists especially when 
the hver cirrhosis has not been present so long that aU the typical 
clmical sjmptoms have developed In this way we think we are able 
to explam at least one of the cases reported m 1936 by Hamapp 

Harnapp descnbed two cases of hver cirrhosis, m which the diagnosis 
was proved by biopsy, though in the second case the possibihty of a mal- 
formation of the hver could not be excluded Nearly aU the symptoms 
tjpical of hver cirrhosis (such as enlarged spleen, asates, jaundice, excre- 
tion of urobdin), were absent In the first case hypoglycemia and ace- 
tonuna were constantly present while the patient was fastmg, whereas a 
tolerance test with fat gave a normal nse of the plasma fat (m hver curhosis 
a distmct nse would not occur) In the second case the only deviation 
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found In the metabolism was a slight increase of the cholesterol in the blood 
The carbohydrate metabolism was qmte normal m this case The author 
concludes that glycogen liver and hvcr drrhosis chnlcally may give nse to 
such analogous morbid pictures that a differential diagnosis is impossible 
\Vc are of the opmion that the author’s observations do not justify this 
conclusion As regards his first case we wish to remark that the response 
of the blood sugar to the mjection of adrenahn was normal, that the toler- 
ance test after fructose shows a slightly decreased tolerance and that the 
globulin content of the serum m consideration of the age of the patient 
(one and one-half years) was markedly tncreased (24 8 mgm %) This 
last fact, the author states incorrectly , according to Bendien and Snapper 
is a constant findmg m parenchymatous hver affections The author him- 
self remarks further that cliiucally there were some symptoms m this case 
which were also unusual for glycogen h\er — In bis second case (a gul of 
seven years) retardation of growth was absent, the enlargement of the hver 
moderate, and the reaction to adrenahn normal — In both cases in our 
opinion there were thus suBiaent grounds to make the diagnosis of li\ er 
curhosis instead of glycogen hver, especially in the first case 

The alimentary bpemia up to some years ego was thought to be 
absent in most cases of hver disease, particularly m arrhosis This 
made Betimer amd Loeschhe think that the presence of a persistent 
hpcmia in their case of glycogen hver, after a meal nch in fat, was of 
diagnostic value However, as mentioned before, recent investiga- 
tions have greatly climimsbed the ^aluc of this test in differential 
diagnosis 

Changes in the nitrogen metabolism are often present even in the 
first phase of arrhosis of the hver It is, therefore, of importance that 
Hertz and Btcdenmnn did not find changes in the nitrogen metabolism 
in their cases Hertz, in this regard, points to the presence of such 
changes in the case of Pamas and Iffogner, which also showed pecu- 
liarities in this respect 

Certain symptoms of patients with glycogen li\cr certainly cannot 
be regarded as being typical of that condition, still others may or may 
not be Urobilmuna was constantly' absent m the cose of our bo\, 
but not in that of our girl The physical infantilism which is usually 
present when the disease exists for a long tune ^ cry probably is not a 
typical symptom This retardation of growth among other sy'mptoms 
has been found also in the cases of congenital hypertrophy of the liver 
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due to new growths, observed by Ylppb, and also is present m other 
parenchymatous hver diseases As we pomted out previously, the 
underlymg cause of this disturbance m growth in patients with gly- 
cogen hver may be qmte different from that existing m patients with 
chrome parenchymatous hver disease It is important to note, fur- 
thermore, that within a rather short time marked mcrease m length 
and m the development of the skeleton took place m several cases, 
mcludmg both our patients as well (see table at the end of this article) 
— ^The famihal character of glycogen hver, foimd by some mvesti- 
gators, should not be regarded as bemg a typical circumstance smee 
it IS not so rare m cirrhosis of the hver The same may hold true for 
the consanguimty of the parents which was found m a few cases 
{van Creveld, Unsfiehn) 

From the senes of cases of hepatomegaha glycogenica which have 
been desenbed as such in recent years it has become obvious, as mi g ht 
be expected m view of the well-known dissociation of disturbances 
in hver function, that the mtensity of some symptoms and the abnor- 
mahties m metabohsm may vary greatly However, as mentioned 
before, the possibihty exists that the vanations were in part caused 
by a difference m glycogen accumulation in organs other than the hver, 
especially in the muscles and the kidneys, or by a different pathological 
picture But we think we are justified in rejectmg the supposition 
that there may occur cases of glycogen hver (proved by biopsy or 
autopsy), m which all the metabohe deviations mentioned above are 
absent Even the case of the infant of four months old, desenbed by 
Haniapp, m which patient all metabohe symptoms were said to have 
been absent, m our opimon showed a resistance after the mjection of 
adrenahn, as can be seen from the reproduced curve Moreover, the 
anatomic diagnosis m this case was not irrefutable At any rate it is 
of great significance that nearly all patients with glycogen hver m 
which the diagnosis was confirmed by biopsy or autopsy, as far as 
they had been examined durmg life, had shown a complex of symptoms 
resembhng nearly wholly that of both of our patients It may be 
possible that with the mcreasmg age some of the symptoms disappear 
(see the chapter on the dmical course) 

Pathologically, the picture in cases of glycogen hver is not always 
the same, this holds true, for instance, for the amoimt of fat or con- 
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nective tissue found in the liver, which is overfilled with glycogen In 
our boy the appearance of the hvcr, as found at the laparotomy and 
his general adiposity mdicate that his hver contamed much fat, just 
as was found at autopsy m the first case of von Gttrke and in the cases 
recently described by Krakowtf In the first case of Krokowcf the 
fat content of the hver was even 52 3% of the dry weight The pos 
sible significance from the standpomt of differential diagnosis of the 
ketosis and some other symptoms in these last mentioned cases of 
congcmtal steatosis of the liver, was stressed elsewhere in this article 
— In our girl the constant urobilmuna and weak positive Takata-Ara- 
reaction indicate, perhaps, that in her case the connective tissue 
element is more increased, as was found m the second case of von 
Gterke An mcrease of connective tissue m connection with glycogen 
disease indeed has been noted by other mvestigators (see Luidsay and 
co-workers) and this could eiqilain the presence, in a few cases, of 
some chmcai and dmical-chemical symptoms formerly regarded as 
typical of cirrhosis of the liver (Excliaguel) Lindsay and co-workers, 
on the basis of another case, even conclude that glycogen disease tends 
to produce arrhotic changes m the hver Provisionally we must say 
that expencnce does not agree with this conclusion 
The differential diagnosis between hepatomegaha glycogemca and 
congenital fatty liver (“stfatose hfpatlque massive” of Dcbri and 
co-norkers) depends upon further chmcol and metabobc study, as 
was discussed previously The "stfiatosc hfpatiquc massive” of Debri 
IS a morbid picture characterized by a verj' marked painless hyper- 
trophy of the hver, beginmng at a very early age, and in which biopsy 
mdicatcs the existence only of a very large accumulation of fat m the 
hver, it may show chnically not only an important difference from, 
but also a very marked resemblance to, the picture of the glycogen 
liver It has been desenbed by different authors and was observed 
as a familial affection by Sjinim who also gives the findings at autopsy 
A detailed report of a case studied during life and at autopsy , was gi\ en 
recently by iframer and co-workers Some pomts which arc of xaluc 
for the differential diagnosis between hepatomegalia glycogemca and 
“stfatosc hfpaUquc massi\ c” were discussed earlier in this article, 
and wc indicated some points which might be of ^aluc in any further 
study designed to separate these two conditions 
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Cases belonging to the so-called rehctdo-endotheltosts group some- 
times have to be differentiated from cases of glycogen hver, for m 
recent years it has become obvious that the proliferation of the re- 
ticulo-endothehal system which is charactenstic of this group of 
diseases, may show great vanety m locahsation as well as in intensity 
Among the so-called infective reticulo-endothehoses as well as among 
the group of cases in which the proliferated cells have accumulated 
substances which can easily be recogmsed (hpoidoses), there are 
cases m which the enlargement of the hver is prominent, and m which 
the symptoms manifest themselves m very young patients {van 
Creveld and ter Poorten) However, the differential diagnosis from 
glycogen hver, even m these cases, will not offer great difficulty The 
aspect of the patient, the history and the course of the disease usually 
will be qmte different Moreover, even in these cases of reticulo- 
endothehosis there will generally be a palpable spleen or typical local- 
isation m the skeleton or the skin Sooner or later the locahsation m 
the hver will give nse to symptoms which are quite different from those 
m glycogen hver (haemorrhages, ascites, etc ) A study of the metab- 
ohsm will show that the typical disturbances in carbohydrate metab- 
ohsm found in glycogen hver are absent and that, as the disease 
progresses, deviations from the normal in blood and in hver functions 
will appear which resemble those m advanced cases of hver cirrhosis 
A puncture of spleen or bone marrow to demonstrate the typical cells 
will hardly be necessary for the differential diagnosis from glycogen 
hver The fact that famihal cases occur both m the hpoidoses and 
glycogen hver (thus far less frequently m glycogen hver than m the 
hpoidoses) is of minor importance As regards the race of the pa- 
tients, many patients suffermg from Gaucher’s disease and, especially, 
those havmg Nteniann-Pick’s disease belong to the Jewish race In 
only one case of glycogen disease descnbed thus far was it noted that 
the patient belonged to the Jewish race {Krakower) and the father of 
our second patient (the girl) was a Jew too 
A morbid picture which must be distinguished from cases of gtyco- 
gen hver, though m some respects it may be closely related to it, is 
the followmg Mauriac descnbed a syndrome occurring in diabetic 
children several months or years after insuhn treatment had been 
started, a syndrome which is characterized by a progressive hepato- 
megaly with the development of a collateral circulation but without 
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splenomegaly, with arrest or rctardabon of growth and the develop- 
ment of a form of adiposity as occurs in adiposogenital dj-strophy 
and in which the face becomes rounded like a full moon Maunac 
bcheves that a dose relation exists between this simdrome and the 
similar one occurring at an earlier age m glycogen hver and also in 
congemtal hypertrophic steatosis of the hver Analogous cases of 
hepatomegaly, occurnng in children treated with insuhn and which 
clmicallj may resemble very much the cases of glycogen liver but 
which by the anamneses may be distinguished from them, have since 
been observed, among others by Mottnqitand and Charlctix, Atiberltn, 
Nabicoitrt and Gjunc In the cases observed by Aubertm and in 
one of the two cases observed by Gjttrtc, the enlargement of the hver 
disappeared Gjunc is of opmion that we have to deal here with the 
transition from diabetes into glycogen disease 
In this connection on observation of Dupint and Maupcltl deserves 
speaal attention A boy of seven years died after an aadotic coma, 
acoomparacd by acetonuna and gl>cosuna The boy had never been 
considered to be diabetic. He was observed m the hospital for two 
days only pnor to his death It appeared that the liver was palpable 
three finger breadths below the costal margin, thus in comparison 
ivith cases of glycogen liver the hver m this instance was only moder- 
ately enlarged Treatment with large quantities of msubn and sugar 
caused the coma to disappear, but soon it returned A blood sugar 
dctemunation could not be made — At the autopsy marked retarda- 
tion of growth was noted The subcutaneous layer of fat w as mimmal 
The weight of the hver was 1031 gm (normal value for the age no 
more than 6S0-7O0 gm ) The heart was relatively large Notwith- 
standmg the fact that pieces of the hver have been kept for more 
than two years in 10% formalin and that this formahn has been 
replaced by a fresh solution repeatedly , these pieces stiU showed gly - 
cogen m many liver cells On microscopic examination the cells were 
conspicuous by their large size, they were pale and filled mth vacuoles 
In addition a slight fat formation m the rest of the liver cells was 
present and slight evidence of arrhosis In the pancreas the islets 
of Langerhans were not numerous, but were apparently normal in 
appearance Cells of the heart musde were normal TTic kidneys 
showed no abnormality , glvcogen staining is not mentioned 
The authors consider it highly improbable that this was an ordinary 
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case of diabetes meUitis with a terminal coma They attach special 
significance to the enlarged hver and to the findin g of glycogen m so 
many hver cells They consider their case to belong m the category 
of glycogen disease and that it would represent a form of this disease 
with a serious prognosis and glycosuria They suggest three possibih- 
ties to explam the seriousness of this form an insufficiency of the 
mtemal secretion of the pancreas m addition to some other metabohc 
disturbance of unknown nature, an alteration m the stabihty of the 
glycogen which might permit a glycosuria through a sudden over- 
filhng of the circulation with glucose, and a diabetes of hepatic ongm 
Though the observations are not complete and the case is somewhat 
different from the cases of Maurice and others just mentioned (moder- 
ate enlargement of the hver and no abnormal accumulation of fat), 
it draws our attention to an aspect of the problem which may have 
a speaal significance, namely the possibihty of the transition of 
diabetes melhtus, under certam conditions, mto glycogen hver 
There are other pomts which suggest a relattonshrp between glycog&n 
disease and diabetes mellitus In families of children with a glycogen 
hver there occurred some cases of diabetes melhtus (a o Sundal, Ellis 
and Payne, Eamapp) The much discussed morbid picture of Pamas 
and Wagner, which showed great resemblance to glycogen hver, grad- 
ually developed mto a case of diabetes melhtus As to the metabohc 
changes m glycogen hver we must further point to the blood sugar 
curve which usually shows much resemblance to that found m diabetes 
except for the hypoglycemic point of departure Secondly we may 
pomt to the hpemia and to the ketosis which frequently occur m both 
diseases and for the most part have an analogous ongm, namely, the 
insufficient combustion of carbohydrates m the metabohc mixture 
In glycogen hver this is caused by a shortness of available carbo- 
hydrates because not enough glycogen is broken down, m diabetes 
melhtus there is an intensified glycogenolysis but an msuffiaent com- 
bustion of sugar — ^From a pathological point of view httle correspond- 
ence has as yet been found between the diseases, the pnncipal bemg 
the partition of fat m different organs {Krakower) and the accumula- 
tion of glycogen in the kidneys The discussion of the pathogenesis 
of glycogen disease will give us once more the occasion to refer again 
to a possible relation with diabetes melhtus 
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6 PATHOGENESIS 

The cause of the difiSculty m splitting the glycogen in glj cogen 
disease is not yet definitely settled As previously menUoned, the 
blood m the cases of glj cogen hver showed a normal, sometimes a sub- 
normal, diastatic activity It was originally thought by Schbnhamcr 
and von Gierke, that diastase was absent from the liver or di min ished 
This should cause the accumulation of the glycogen in vivo and eaplam 
the disturbance in post mortem sphtting of glj cogen which was first 
encountered in the hver Afterwards it was found by other investiga- 
tors in other organs, also Howe\ cr, as alreadj stated, this conception 
had to be rejected because of the fact that in cases of glycogen liver an 
excess of diastase was found m the liver (UnslieJm) Further, it ap- 
peared that the hver-^j cogen in cases of glycogen hver and the heart- 
glycogen in cases of glycogen heart could be con\ erted by the action of 
normal hver and normal heart respectively Thus glycogen and 
glycogen sphtting ferment were both present but could not act How 
IS the glycogen protected in so particular a fashion in this disease? 
Lesser’s tbcoij vros thst a modification ui the colloidal state of the 
liver cell was necessary for the hbcration of glycogen An alteration 
in the colloidal state of the cell could disturb the glycogenolysis and 
thus contribute to the accumulation of glycogen Does the glj cogen 
in glj cogen disease form a compound with protem or have we to deal 
here with some other modification of glycogen, or are the local condi- 
tions for the ferment-action unfavorable, or is there lackmg a factor 
which normally interacts between glycogen and glj cogen sphttmg 
ferment? All these possibihties hax c been considered in recent \ cars 
The conception of a glycogen difficult to qiht owing to an abnormal 
binding with protem (a conception mentioned bj Unshelm), has been 
investigated by us with the help of Dr IF M Bendien, in ultrafiltra- 
tion experiments with the blood serum of our patients and that of some 
control children No ciidence for the existence of such a particular 
combination of the glycogen could be obtained thus far by this method 
of study However, the difficulty in sphttmg Uie blood glj cogen in 
both of our paUents might be interpreted as indicating the existence of 
an abnormall) bound glj cogen From ferment studies WTtli liser 

tissue m a case of glj cogen heart HerU concludes that an abnormal 
binding of glj cogen with protein {Unshelm) is probablj not the cause 
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of the difficult sphttmg of glycogen in glycogen disease — ^But the 
evidence for the existence of complex compounds of glycogen and 
protems has mcreased m recent years The experiments of WillsthUcr 
and Rohdewald, mentioned above, have opened a new field of mvestiga- 
tion m this direction The same holds true for the experiments re- 
cently pubhshed by Mystkowskt and performed m Svedberg Institute 
In these experiments the bmdmg of glycogen to serum and serum 
protems was studied by means of the ultracentnfuge 
Ktmmelsttel thought that the chenucal constitution of glycogen m 
glycogen disease rmght be different from that of normal glycogen 
This abnormal glycogen might be spht only with difficulty and rmght 
be formed by the polymensation of a heterotype form of blood sugar 
Faber and Vendeg, however, were unable to confirm this explanation 
The conception that in glycogen disease there is lacking a factor 
which normally mteracts between the glycogen and the glycogen- 
sphtting ferment becomes more and more probable Recent investi- 
gations have revealed the existence of new influences playmg a r61e 
here In the first place, there exists a nervous influence on hver gly- 
cogen which can express itself otherwise than through adrenalin and 
insuhn On the basis of these findings MacLeod even speculated as 
to the existence of two forms of glycogen in the hver, havmg a different 
functional behavior ChnicaUy, diseases of the diencephalon (hypo- 
thalamus) especially may give nse to disturbances in the carbohydrate 
metabohsm Furthermore, we must pomt to the results of recent 
important investigations on the influence of hormones, especially of 
the anterior lobe of the pituitary and perhaps also of the adrenal 
cortex, upon carbohydrate metabohsm, and also possibly to the 
properties of glycogen m different organs 

Viale, who considered the adrenal as a regulator of the carbohydrate 
metabohsm, foimd that following the extirpation of the adrenals the 
muscle glycogen did not disappear after death, or it disappeared only 
slowly — even after incubation at 37°C for several hours Thus this 
glycogen showed a property which we find in glycogen disease 
The fact that (accordmg to the classic investigations of Houssay 
and his co-workers, and of many others,) pancreatic diabetes m cold 
and warm blooded animals is greatly relieved by hypophysectomy, 
espeaaUy by the removal of the anterior lobe, also indicates an in- 
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flucnce of the antenor lobe of the hypophysis on glycogenolysis 
(Juche) Removal of the antenor lobe of the hjTXiphjsis causes 
glycogenolysis to take place with much greater difficulty {Corhhill, 
Marks and Wlitic) Under these arcumstances adrenalin is less 
cflcctn e in causing a nse of blood sugar, eventually causing glj cosuna, 
and the sensitivity to insulin is highly increased (for literature see 
Colbp, 1935) 

Perfusion expenments with the liver of operated and non-operated 
anunals, which have the advantage that the influence of other glands 
of internal secretion arc ehminated, also seem to have prov'ed that the 
antenor lobe of the pituitary exerts an influence on glycogenoh'sis 
{Finch, Grnncr and Load) 

Thepancreotropic hormone of the pituitary, desenbed hy Aitselmitio 
and Hofmann, should decrease the glycogen content of theliver Such 
an effect would be produced espeaally by a “carbohydrate metabolism 
hormone” which Anselmtno and Uofmann consider they have isolated 
from the antenor pituitary lobe This hormone was demonstrated 
in the blood of normal men after giving carbohydrates, and in the 
blood of fasting diabetics The possibility is suggested that glycogen 
disease is related to the absence of this hormone This supposition 
could, howcv cr, not be confirmed by Hertz, who investigated the blood 
of two patients for the presence of this “carbohydrate metabolism 
hormone ” 

The possibility that a disturbance in pituitary function may be the 
cause of the peculiar stability of gly cogen encountered in gly cogen dis 
case finds a support in the recent expenments of Thompson and Cush 
tng These authors wished to produce experimentally the morbid 
picture of a basophllc adenoma of Ihe hypophysis A scries of injec- 
tions of active gonadotropic hormones into young animals brought 
about retardation in growth and adiposity among other things, 
along with this the liver was slightly enlarged and the lustological 
picture of the liv cr and of the muscles resembled that seen in gly cogen 
disease 

As regards the special character of the gl\ cogen in the heart muscle, 
attention must be drawn to tlie effect of removal of the pancreas on 
the gl\ cogen content of heart, muscles and liver It appeared that, 
whereas muscle gly cogen and especially livcrgiy cogen w ere dimimshcd 
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greatly, there was no decrease in the glycogen content of the heart 
muscle Not rarely an mcrease even was noted (Best) In every 
case the heart glycogen showed an mcreased stabihty 

Furthermore, the experiments on the effect of the so-called ketogemc 
hormone of the antenor pitmtary on hver glycogen must be mentioned 
at this pomt A very important mcrease m the glycogen content of 
the hver was found by some authors after adrmmstration of this hor- 
mone, when given together with the thyroid hormone, the latter 
was unable to deplete the glycogen content of the hver {Magtsins, 
Chtanca) 

Thus the recent mvestigations on the function of the organs of 
mtemal secretion have revealed the existence of some new factors of 
hormonal nature, which may be of the greatest importance m explam- 
mg the stabihty of the glycogen encountered m glycogen disease 

If we accept a hormonal cause for the accumulation of glycogen 
which can be mobilized with difficulty, two questions anse The 
first question is how far this hormonal factor plays a r 61 e in an early 
penod of life From many experimental observations we know that 
glycogen occurrmg m embryomc life and also shortly after birth be- 
haves functionally m a way differmg from that m adults, but sumlar 
to that m glycogen disease We have already put forward the hypoth- 
esis, on the basis of an extensive exammation of premature children, 
that m our first patient there imght have been the persistance of a 
fetal condition It has to be accepted that the factors which durmg 
fetal growth influence the local accumulation and the fermentative 
breakdown of glycogen in organs, under certam circumstances keep 
their fimction m later hfe, and m this way cause a marked hyper- 
trophy of one or more organs by the acounulation of glycogen 
Von Gierke also thought of the possibdity that m glycogen disease we 
may have to deal with the contmuation of fetal conditions 

As regards the accumulation of glycogen m the fetal hver, the ex- 
periments of Aron must be mentioned espeaaUy In these expen- 
ments the significance of hormonal factors for the accumulation of 
this stable glycogen was stressed Wertheimer^ s experiments are also 
of significance, smce they showed that m the fetuses of rats and gumea 
pigs the sphttmg of glycogen takes place only with difficulty, and that 
durmg the first days of hfe the glycogen can only with difficulty be 
mobilized by adrenahn Hertz’s onentatmg experiments on this phase 
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of the problem, mentioned before, show the measures which have to 
be taken before one is justified m drawing conclusioiis as to the stabil- 
it> of fetal glycogen 

The second quesiton is how far our present clmical and pathological 
experience in cases of glycogen disease now gives us the right to accept 
a hormonal cause for this condition, and which organ of mtemal 
secretion is particularly mvolved The general opmion on this phase 
of the problem hns become more settled of late as the result of study of 
many cases and of the several forms m which glycogen disease occurs 
and also as the outcome of the enormous development of knowledge 
which has taken place in recent years m the field of internal secretion 
In regard to the pathological findmgs m the proved or partially 
proved cases of glycogen disease it may be said that m general the 
changes found were shght ones and the possibihty that they may have 
been related to diseases or infections preceding death cannot be ex- 
cluded In the first case of von Gterke the adrenals were shghtly 
atrophied In the case of Uiuhelm-Kmmelsttd some of the islets of 
Langerhans were hypertrophied, in the case of Faber they were few in 
number compared with the normal, and some were smaller while 
others were distinctly hypertrophied Alterations of the cells of the 
Langerhans islets were also found in one of the cases described by 
KrakoToer 

The chmeal findmgs have often been referred to as a dysfunction of 
the organs of internal secretion The patient desenbed by Belhiigham 
Smtih and O’Flyim showed marked pigmentation and abnormal growth 
of hair, symptoms which up to some years ago were alway s thought to 
point to an abnormal adrenal function — Our first patient shows some 
climcal symptoms of a disturbance in the function of the hypophysis, 
and the combination of hypoglycemia, abnormal blood sugar curve, 
sensitivity to small amounts of insuhn, markedly decreased cpinephnn 
hyperglycemia, ketosis, retardation of growth and adiposity, which 
he showed already many years ago, nowadays is considered strongly 
suggcsU\c of a hyTKiphyscal disturbance 
On the basis of the combination of hypoglycemia In the fasting 
condition wnth only a shght clci-ation of blood sugar after the injecUon 
of adrenalin alone, the occurrence of a hypofunction of the adrenal 
was suggested in several cases of glycogen hycr 
Prtesc! and Wagner offered the hypothesis that in the case of Parnas 
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and Wag:ter there had existed from the begmmng a disturbed function 
of the internal secretion of the pancreas 
Formerly we had excluded the possibihty of a hypennsuhmsm m 
our cases on different grounds (a) The so-called hypoglycemic 
symptoms were lackmg (b) It seemed to us that sensitivity to 
small amounts of insulin could not be expected when a hypennsuhmsm 
existed (c) Acetonuna was present 
We must remark, however, that hypoglycemic symptoms (epilepti- 
form semires, fits) are mentioned m some cases and that the sensitivity 
to msuhn, first noticed m our boy, was not defimtely present m the 
case of and Zelsm Acetonuna was not a constant symptom, 
but it was present in some cases where hypoglycemic symptoms were 
also noticed This combmation does not occur m hypennsuhnism — 
With the exclusion of the possibihty of a hypennsuhmsm — the high 
glycogen content of the hver might speak m favor of this conception — 
the possibihty is rejected that glycogen disease, and glycogen hver 
more especially, represents the contrary of diabetes meUitus 

The possible relationship between the neuro-hypophyseal system 
and glycogen disease was stressed by several authors In the opmion 
of Andersoit and of Hertz symptoms of a disturbed neuro-hypophyseal 
fimction may have been present m many of the pubhshed cases of 
glycogen hver Hertz has strongly defended the conception that his 
patient was a hypophyseal dwarf His case of glycogen heart gave 
also a defimte impression of an endocnne disturbance 
Anderson stresses the possible r61e played by the antenor pituitary 
m explammg many chmcal symptoms of glycogen disease In both 
his patients, as m ours, AschJiwtn-Zondek tests upon the urme gave 
negative results In our patient (the boy), also, the chlonne me- 
tabohsm was normal 

Hildebrand, who hunseff did not descnbe a case of glycogen disease, 
but compared a number of cases pubhshed by others, came to the 
conclusion that many of the symptoms observed point to a disturbed 
pituitary function 

Wilder raised the question whether the hepatomegaly m his case 
might not result from a disturbed carbohydrate metabohsm occurrmg 
as the result of the mtemal hydrocephalus which exerted pressure 
changes m the region of the hypothahnus and pitmtary gland In 
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the X-ray the sella turoca m hjs case was within normal limits, but 
depressed, along with the whole middle cranial fossa 
Erben and Kitster found an abnormal configuraUon of the sella 
turaca 

Thus there is a very hmited number of cases in which more or less 
definite symptoms were found, cither pathologically or climcallj, 
which pointed to a disturbed function of some one organ of internal 
secretion The hypophysis has been mvesbgated thus far m only a 
few cases which have come to autopsy, but no alterations have been 
found {Krakcnter, Eerli and Jeckeln, von Gierke) However, this 
negative result cannot be regarded as of great significance for two 
reasons In the first place, parallelism between pathological lesions 
of an organ of mtcmal secretion and climcal indication of a disturbed 
function 13 often lackmg In this respect we have only to remember 
the pathological findings m diabetes Tf'^arrcn showed that the lesions 
found m the pancreas of diabetic and non-diabetic patients could be 
cicactly the same. Secondly, as regards the sbght changes m the islets 
of Langcrhans and espcaally those in the adrenal cortex which have 
been found in cases of gly cogen disease that have come to autopsy, 
recent investigations hav e shown thepossibihty that they were second- 
ary The same possibility holds m regard to those symptoms, encoun- 
tered in sev eral cases, which pointed to a dysfunction of cither the 
pancreas or the adrenals. They all could have been caused by a 
primary pituitary dysfunction 

For many of the symptoms observed m different cases of glycogen 
disease in general, and of gly cogen liver m particular, a hypo activity 
of the anterior lobe of the hypophysis or of the tuber anercum seems 
to offer an adequate explanation For other svmptoms a hyper 
activuty must be postulated A hyqio-activity may give an ex- 
planation of the stability of glycogen m gly cogen liv er, as in animal 
e.'qicnmcnts glycogcnolysis was produced with more difficultv after 
removal of the antenor lobe of the hypophv sis Hypoactivnty could 
also explain such symptoms as the tendency to hypoglv ccmia with or 
without attaclj, hyper-scnsiUvnty to small amounts of insulin, ab- 
normal sugar tolerance curves, decreased epinephrine hyperglycemia, 
abnormal fat distribution and fat development, retardation of the 
development of the skeleton and teeth and osteoporosis Manv 
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recent animal experunents have taught us that several of the symp- 
toms which are met with m cases of glycogen hver are also encountered 
after experimental hypophysectomy, and may be explamed by the 
presence of accompanymg tuber mjunes, or by alterations affectmg 
the nutntional condition of the tuber Thus far this explanation does 
not meet with great difficulties 

However, m regard to such important symptoms as the glycogen 
content of hver and muscles and other organs, the removal of the hy- 
pophysis m experimental animals thus far has not given constant re- 
sults One circumstance under which the glycogen content of the hver 
was found to be greatly increased was after long contmued admimstra- 
tion of the ketogemc hormone of the pitmtary {Magtstns, Chtanca) 
Colhp IS of the opmion that, if glycogen disease is assoaated with 
pituitary malformation, it most likely would be the result of an over- 
production of the ketogemc pnnciple Such an overproduction might 
perhaps explain some other symptoms (ketosis especially, further 
hpemia, adiposity) 

So we have to conclude that m glycogen disease there are existing 
at the same tune symptoms of a hypo- and of a hyperfunction of the 
pituitary The fact that several of the above mentioned symptoms 
present m cases of glycogen hver do also occur under conditions in 
which a disturbed pituitary function has been estabhshed (pregnancy, 
eclampsia), m itself also speaks m favor of a r61e of the pituitary m 
glycogen disease However, we must remember that opmions con- 
cernmg the ketogemc and other pitmtary hormones are stiU divergent, 
that neither ketosis nor hpemia is a constant symptom m glycogen 
disease and that m one of our patients dunng a penod when ketosis 
was definitely present, no mdication of the presence of a ketogemc 
hormone m blood and unne could be found {Dingenianse) 

If the hypertrophy of organs met with in glycogen disease is related 
to a disturbed pitmtary function, then one is reminded of the opposite 
m hypophyseal cachexia {Stmmond’s disease), m which aU the organs 
at autopsy are found to be small Why, then, m glycogen disease, 
the hypertrophy is restncted to one or to some organs, is stiU obscure 
The idea that the anti-hormones {Colhp) present in all organs should 
play a r61e here, is thus far only a conjecture 

The final provisional conclusion must be that the modem physiology 
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of the endocnne organs, especially of the anterior pituitary , gives us an 
explanation of many symptoms of glycogen disease, espeaally of those 
occumng in glycogen liver A general explanation of the morbid 
picture IS lackmg at the present time, however 

7 CUNICAL COTOSE 

In general, opimons agree in accepting the idea of a favorable 
prognosis for glycogen disease, more especially in cases of glj cogen 
hver, in contrast to such diseases as neuroblastoma of the adrenal 
with liver metastascs, and cirrhosis of the hver with or without a 
known etiology With the exception of the patients m whom von 
Oitrkt and Schbnhnmer exammed the organs after death, only a few 
cases have come to autopsy In the first case of von Gterke the direct 
cause of the death was influenza, in the second case death followed 
pneumonia. The patient recently reported by von Gurke died from 
an otogcmc meningitis The patient reported by Bdhngham Smith 
and O'Flynn suffered not only from a famflial hepatomegalj but also 
from a chronic pulmonary fibrosis with bronchicctasies, and the auth- 
ors write that “the patient whilst coughing was seized mth violent 
abdommal pain and fatal collapse followed ” — The child desenbed by 
Unslielm KtmmeUUd died of a bronchopneumoma The case of Faber 
IS that of a baby bom some weeks prematurely with a birth weight of 
2400 gm , who died at the age of four weeks from a rccumng dyspepsia 
The child described bj Lindsay, died from a bronchopneumonia, and 
also the patients, described by Krakoioer, died from respiratory 
infections 

The lew cases which came to autopsy before 1929, and which in 
retrospect may be considered as being cases of hepatomcgalia gly- 
cogenica, can be left out of account here The cause of death in 
cardiomcgalia glycogemca has been discussed elsewhere m this article 

Some authors arc of the opinion that the patients with gl> cogen 
liver show a special scnsitisnty to infections We cannot agree with 
them on account of the experience of other investigators and of our 
own Both patients described b> us, the elder of whom (boj) is 
now sixteen years old and the younger (girl) clcien years old, arc m 
excellent condition There neither have been nor arc special indica 
lions of an increased scnsiUiIty to infections. The particularly ex- 
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tensive observations on our boy showed that the disease may exist 
for years and years without giving nse to stormy symptoms 
The study of both our patients revealed the followmg facts Length 
and weight mcreased m both children, the weight espeaaUy m the 
boy (see table), he thus gives the impression of corpulency It is 
important to state that at the age of twelve years all his teeth were 
still deaduous After that age he lost them The fastmg blood 
sugar content m our boy durmg recent years has been mcreased 
The ketosis, which formerly was very marked, has nearly disappeared 
Other abnormalities m his metabohsm are present as before The 
dimensions of his hver have shghtly decreased There is still a 

TABLE 1 


Growth m glycogen dtsease 
(Patients 1 and 2, van Creveld) 


PAHENT 1, C? 

PATIENT 2 9 

Age 

Length 

Weight 

Age 

Length 

Weight 

yforj ^ 

cm 

igm 

yt6rs 

cm 

htn 

10 


36 

6 

mmm 

19 

12 


45 5 

7 


19 

13 

mmm 

48 

8 

111 5 

22 1 

14 

151 0 

51 

9 

117 5 

22 9 

15 

154 5 

51 5 

10 

123 5 

25 

16 

156 0 

55 1 





defimte leucopema After givmg extra sugar the urme never con- 
tams any sugar 

As for the girl, her maximal abdommal circumference has increased 
only shghtly The bones of the wnst have developed to a great 
extent, and for the past years they have all been normally present 
(see tables 1 and 2) The dimensions of the liver are still about the 
same The abnormalities m the metabohsm have also remamed the 
same with the exception of a distmct nse of the blood sugar while in 
the fastmg condition (m July, 1937, 0 083%) 

In different articles m recent years, discussmg the prognosis of 
children with glycogen hver, two patients are menboned especially, 
that of Parnas and Wagner, and that of W orster-Drou^ht As men- 
tioned before, the hver m the patient of Pamas and Wagner has 

I 
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become much smaller and the patient himself at the age of sixteen 
years became a subject of real diabetes mclhtus Prtcsd and Wagner 
arc mclmed to think that from the begmnmg there must have existed 
a disturbance m the internal secretion of the pancreas, an opmion 
founded on the course of the disease Moreover, at the age of twenty 
jears Cm 1934), the patient was still markedly under-developed (per- 
sonal communication to Rauh and Zclson) 

Of those authors who arc of the opmion that in glycogen liver wc 
have to do with more than one type of change in metabolism, wc 
mention spcaally the French investigators In addition to a type 


TABLE 2 

Bmhpmcnl of tensi skdtt^ in poiiaU 2, 9 


AOX 

SIOVTWltfT 

tarrmtttr 

5 

Capilste + 

Capitate + 


Ilainatfi + 

Hamate + 


TrUnffolar + 

Triangular 4* 

s 

C*pJute + 

Cnpitale + 


Hamate + i 

Hamate + 

j 

Triangular 

Triangular + 


Multangular + (traee) 

Lunate + 

7 

The ulnar eplphy»U and the mivJcuUr have not yet appeared on cither hand • 

8 

Wrist skeleton of both hands complete. 


• Nimntlly In girli the naN^cuIar appears before the end of iho fourth year and the 
ulnar cpIphjiU before the age of 6 J 3*earf 


characterized b> sj-mptoms such as we found in both our patients, 
and which should pomt to an insuflincncy of the adrenals (“typo 
ron Gicrte ran Crmld," ns they call it), other cases gi\c n ^ndrome 
pointing to an insutriciencj of the pancreas, wnth marked ghcosuna 
and strong kclonuna (called “tiTic pr 6 diab 6 tique” or "4710 Pamas 
and lI'fljMfr’’) This point of view is that of Dcbri and co workers, 
of Dupint and ifaiipelll, and of others as well The changes in the 
case of Pamai and Wagner on the one hand, and (hose in the case of 
DeM and co workers and Dupfnf and lianpeM, on the other, when 
compared, show important differences We mention onl\ the in- 
constant gljcosuna m the case of Delrl, and the sanations in the 
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blood sugar content after the injection of adrenalin In the case of 
Dupirt6 and MaupeM, to our great regret, there is no indication as to 
the state of the metabohsm until very shortly before death 

The case of Worster-Droughi, according to the authors, indicates 
that the prognosis of glycogen hver may be excellent The first time 
that the enlargement of the hver was estabhshed by a physiaan was 
when the child was between two and four years old At the age of 
fifteen years the hver had become somewhat smaller, and at the age 
of twenty-two years it was no longer enlarged In 1935 the patient 
"still had occasionally acetone breath and traces of acetone m the 
unne ” These last-mentioned symptoms mdicate, however, that the 
metabohsm was not yet quite normal A more extensive exammation 
of the metabohsm has not been earned out m this patient, and it 
still remams desirable to do so 

In the case recently (1937) desenbed by von Gterke of glycogen 
hver in a girl who reached the age of nearly fifteen years, the weight 
of the hver was still 2750 gm , which is at least times the weight 
normal for this age It is unknown whether metabohe changes had 
occurred as the child grew older At death the habitus of the girl was 
infantile In the hver were found small islets of normal hver tissue 
which might be mterpreted as an effort to re-estabhsh the normal 
fimction of the hver The hver did not contain abnormally large 
quantities of fat, nor was there an mcrease of the connective tissue 
The kidneys still contamed some glycogen, especially the glomeruh 

After mentionmg these facts we give it as our opimon that nothmg 
positive can be said concenung the prognosis of glycogen hver 
Though optimistic, as a result of personal expenence, we do not think 
we are yet justified m saymg that a glycogen hver, after existmg for 
many years dunng which the condition remams stationary, will 
become smaller, and that the patient wiU outgrow his disease, or will 
turn into a subject of diabetes melhtus The fact that the character 
of the disease or the size of the hver m the case of Parnas and Wagner, 
and also m that of W orster-Drought, changed at about puberty, perhaps 
gives an mdication of the existence of a functional disturbance m 
glycogen disease which is modified m this penod 

A (passmg?) decrease m the circumference of the hver is mentioned 
m the two cases of Anderson, durmg an attack of whoopmg-cough in 
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one cMd and dunng a catarrhal icterus with fever in the other In 
both cases, strangelj enough, the ketonuna decreased, and in one of 
them it returned, after recovery of the patient, to the same marked 
extent to which it had existed previously 
An important decrease m the site of the Uver, and an improvement 
of the general condition within a relatively short tune was noted in one 
of the cases desenbed by Ellts 

8 THERAPY 

At present there is no definite therapy for glycogen disease or for 
glycogen liver We hope that the future will change this state of 
affairs, now that many facts have been ascertamed from the closer 
examination of cases of glycogen liver These facts, perhaps, will 
be brought into connection with recent discovenes m the field of 
endocnnologj Thus far, in treatmg the patients with glycogen li\ er, 
the authors have been guided by the foUowing considerations l\Tien 
the combination hypogly cemia and acetonuna predommated, a diet 
m which the carbohydrates occupy a very' large place and which nas 
particularly poor m fat was recommended The same was necessary 
in those cases in which during the first years of life symptoms were 
present which could be charactemed os “hypogly ccmic” ones, or in 
those cases in which, as in our patients, there existed recurrent attacks 
of vomiting which we now know to have been associated mth aceto- 
nuna In both our patients and in some other cases the children 
showed a great preference for carbohydrates (bread, potatoes), just 
os if they knew instinctively that such a diet could prevent symptoms 
of fatigue and nausea. As long as the children kept to their diet 
these attacks did not return We could not confirm the opinion tliat 
in fulfilling the desire for such large amounts of carbohydrates the 
accumulation of glycogen would be facilitated 
The fact that frequently there ha\c been indications of the existence 
of a definite endoenne disturbance has led to the prescription of 
hormone preparations In the case of Panias and Wagner (if this 
case may be reckoned with the cases of glycogen liver) thyooid prepa- 
rations were administered at the start and for some time Possibly 
as a result of this treatment the very low fasting blood sugar values 
became somewhat higher 
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Some years ago, we, also, gave our boy thyroid preparations, 
however without any influence on the fastmg blood sugar values or 
on the ketosis In view of his bodily condition, which at that tune 
seemed to pomt to a disturbed pituitary function, we also gave over a 
long period a preparation of the antenor lobe of the hypophysis, this 
also had no effect During recent years we gave to both patients 
for a long time a gonadotropic hormone {Pregnyl of Organon), ad- 
mimstered orally, no effect was seen on the fastmg blood sugar 
content, or on the glycogen content of the blood, or on the cholesterol 
content of the serum 

As the r61e of the hypophysis in the pathogenesis of glycogen liver 
becomes more and more probable, treatment with injectable prepara- 
tions of pitmtary hormones must be senously considered These 
preparations are now for a greater part available m a more active 
form than formerly and their effect is less doubtful than that of 
orally admimstered preparations From the discussion of the patho- 
genesis it appears, that the question which pitmtary hormone or which 
combination of pitmtary hormones (m so far as they are available) 
should be injected in order to mobihze the glycogen and to influence 
at the same time other metabohc disturbances, is not easily to be 
answered In our boy who is now sixteen years old, and has adiposity, 
small gemtals and general delay m sexual development, such a treat- 
ment really is urgent For that reason in the first place treatment 
with injections of pitmtary hormone preparations, contaimng both 
the thyreotropic and the gonadotropic hormones, must be tned 

Rauh and Zelson gave a course of treatment with epmephrme, 
because m one of the cases of von Gterke hypoplastic adrenals were 
found They did not observe any influence on the blood sugar 
content or on the size of the hver Prolonged treatment with thyroid 
also had no influence on the size of the hver or on the fastmg blood 
sugar content Treatment with hver or hver preparations was totally 
ineffective m those cases m which it was apphed 

Von Gterke recently proposed trying the effect of implantation of a 
small piece of hver of an animal, of subcutaneous mjections of sterile 
hver pulp, or of injections of blood of diabetics who are not treated 
with insulin 

The recent researches of Best and his co-workers mduced us to 
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examine the influence of oral administration of choline on the ketosis 
of our patients From their researches it appeared that a fatty 
degeneration or an excessive accumulation of fat in the liver produced 
experimentally, could be totally overcome or greatly dimimshed by 
the oral application of chohne 

In the cases of glycogen disease which have come to autop^ much 
fat hii<; sometimes been found in nddibon to the large amounts of 
glycogen (first case of von Gterio) and especially the cases of Krokower 
For a long time we gave choline to both our jiabents and obtained 
the defimte impression that during this time the mean excretion of 
ketone bodies in both children was much lower than before How- 
ever, no influence was noted upon the fasting blood sugar, the glycogen 
content of the blood, or the cholesterol content 
Unshelm has seen a splendid effect on the size of the liver and on 
the general condition of the patient as a result of treatment with 
rOntgen rays in a dubious case of glycogen liver Harnapp saw in 
one case also a temporary effect of irradiation with rOntgen-rays upon 
the size of the liver How ever, in n case of glycogen liver treated by 
Scharjf, no effect at all wms seen from such irradiation either on the 
size of the liver or on the metabolism X ray therapy has been 
recommended in (congenital) hypertrophy of the hver, cspcaally m 
hypertrophy due to new grow ths {YlppS, Grcenwald) — This method 
of treatment will not be umversallj accepted, however, in glycogen 
disease, for the pathogenesis of the disease offers too many uncer 
tainties, the structure of the liver is surely not the same in all cases, 
and the general condition in the majorit> of instances is quite good 
A further argument against such a form of treatment is the possibility 
that It ma> bnng about unfavorable consequences 
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EXTRAPLEURAL PNETOIONOLYSIS IN THE TREATMENT 
OF PULMONARY TUBERCULOSIS 

ARTHUR H AUFSES, iLD FA-OS 

Auoclale Surtcon, ITotUefiore Bospttalt NYC, Aiiwiois Surjecfn, City Nojpii^, 
NIC,, Auoctait Surtcon, Rlnrstdc NospHol, N \ C , Adjunct Surieon, Mount 
Stnai Botprtal, NIC 

The attajorncnt of a successful extrapleural pneumonolysis has been 
an elusive goal m the surgical therapy of pulmonarj tuberculosis ever 
since the initiation of collapse therapy Up to the present, there has 
been no method of extrapleural stopping devised, the use and results 
of which have withstood careful investigation 
In recent months, a number of reports have emanated from Ger- 
many (Graf Schmidt) which makes it opportune to review the subject 
and to consider the possibihties of the latest advocated procedure, 
extrapleural pneumothorax and oleothorax 
Artlfiaal pneumothorax is the ideal method of coUapsc therapy 
because it is sunple and effective Phremc operations have their 
field of usefulness and thoracoplasty has been proven a dependable 
therapeutic procedure Unfortunately, there are manj cases where 
the abo\ e procedures eithei cannot be used or arc of no value. 

The mamfestations of pulmonarj tuberculosis are so vaned that it 
is of great importance to enlarge the field of operati\c methods so 
that there may be some tj^ic of therapy to offer to the patient whose 
prognosis will be poor without active treatment 
The greatest problem in collapse therapy is the patient with a 
bilateral ai\ ernous lesion In the great majontj of these, the prog 
nosis being poor, anj good therapeutic procedure which they can 
withstand will hn\c a large field of usefulness Manj bilateral cases 
show a tendenej to fibrosis and healing If some aid can be given to 
these natural forces, great benefit will ensue If pneumothorax is not 
possible because of adhesions, and thoracoplastj is contraindicated 
because of the bilatemlitj of the lesion, a minor procedure, sucli as 
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extrapleural pneumonolysis may be well borne and effective m con- 
verting the case to a umlateral one 

Extrapleural pneumonolysis has for years been the procedure of 
choice when it was considered madvisable to perform a thoracoplasty 
Unfortunately, the results obtained were not satisfactory, due to the 
fact that either the disease was too widespread or that the procedure 
did not accomphsh its intended purpose 

Extrapleural pneumonolysis has failed in the main because of the 
inabihty to mamtam the coUapse produced at the tune of operation 
In complete artificial pneumothorax, the coUapse of the lung can be 
mamtamed as desired, except m those cases m which comphcations 
arise Phremc avulsion produces a collapse which remains permanent 
Temporary diaphragmatic paralysis produced by phremc crush can 
be repeated and mamtamed for a number of six month penods or can 
be converted mto a permanent paralysis Thoracoplasty gives an 
endurmg collapse In extrapleural pneumonolysis, the frequent occur- 
rence of loss of collapse is one of the great problems to be solved 

ANATOMY 

The anatomical structure which has a prune significance m the per- 
formance of an extrapleural pneumonolysis is the endothoraac fasaa 
The presence of the endothoraac fascia, as a continuous membrane in 
the chest cavity, makes the performance of a pneumonolysis possible 
and also supphes a layer of tissue on the inner surface of the cavity 
waU which later permits of the mtroduction of air 

Mertens, m 1914, made anatomical studies on fifteen cadavers and 
found that the endothoraac fascia was a contmuous thm membrane 
covenng the entire bony cage and diaphragm Over the mtercostal 
spaces, it can be defimtely found as a fascial sheath, but over the 
postenor penosteum covenng the nbs, it tends to lose its identity and 
IS partially merged into the penosteal layer It is separated from the 
costal pleura by a narrow layer of connective tissue Over the dia- 
phram it is so adherent to the panetal pleura that they cannot be 
separated The apex of the lung, together with the endothoraac 
fascia, penosteum and mtercostal musculature, is connected by numer- 
ous hgaments and fibrous tissue bundles to the vertebrae, the sub- 
clavian vem and brachial plexus This system of muscles, hgaments 
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and fibrous bands which suspend the pleural dome has been dcscnbed 
m detail by Zuckerkandl, Sebileau and Truffert 
Ordinarily, these extensions do not come into consideration in the 
performance of an extrapleural pncumonolysis because theoreUcally, 
this IS done inside of the cndothoraac fascia However, long standing 
pulmonary disease which causes a S3Ticchia between the visceral and 
panetal pleura will also cause an inflammatory lesion of the connective 
tissue layer between the panetal pleura and the endothoracic fasaa 
When these adhesions are espcaally dense and fibrotic, it maj be 
impossible to separate the panetal pleura from the fascial membrane 
In about 5% of the cases it is mechanicall> impossible to perform an 
extrapleural pncumonolysis because of these adhesions 

TECHNIQUE 

As a rule, an extrapleural pneumonolysis is performed for the pur- 
pose of simple apicol) sis, insertion of a Plombe, or for the maintenance 
of an extrapleural pneumothorax. The technique of the procedure is 
practicall) the same in all cases When the approach is made an- 
tenorly, a horizontal incision is made over the antenor end of the 
second or third nb Local anesthesia is used The penostcum is 
carcfullj stnppcd from the nb and a piece of nb removed Incision 
through the postenor layer of the penostcum is then made and the 
space between the panetal pleura and the endothoracic fasaa iden- 
tified By means of finger manipulation or sponges, the lung is freed 
o\ er the apex and as far down antcnorly and postcnorlj as is neccs 
sarj The only place that difficult adhesions arc encountered is at the 
apex Closure is carefully done with exact suturing of the penostcum, 
musculature and skin The absence of a section of nb causes a weak- 
ness m the thoraac wall through which matenal inserted, as a Plombe, 
may be extruded 

Krampf and O'Bncn replaced the piece of resected nb and Sutured 
It in position m order to increase the firmness of the chest 
wall Alaendl goes a step further and makes a flap of a piece of nb 
so that It IS merely turned aside during the operation and then re 
placed 

Elocsser has found it possible to perform a pncumonolysis by the 
antenor approacli without remosai of a piece of nb By simple 
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intercostal incision, he is able to satisfactorily free the lung Romanis 
and Sellors also use this technique Stocklm obtains sufficient ex- 
posure by separating two nbs at their cartilages 

Because of the postoperative weakness of the antenor chest wall, 
the posterior approach has become the most popular The thick 
layer of muscles over the postenor thoracic wall forms an excellent 
bulwark 

For the postenor approach, a curved masion is made from the 
second to the sixth ribs, midway between the scapula and the spinous 
processes Vidakovits places the masion on the edge of the scapula 
so that the scar will be practically invisible The soft tissues are 
mased, followed by the trapezius and the rhomboideus major and 
mmor muscles The scapula is then retracted as far laterally as 
possible, exposmg the serratus posticus superior and the underlying 
nbs The serratus posticus is bluntly separated along the lower 
edge of the fourth nb and retracted upward It i s important to keep 
this muscle mtact m order to secure a good closure The periosteum 
over the fourth nb is then mased and stnpped carefully Five to six 
centimeters of this nb are then resected dose to the spine 

Following this, the mter costal nerve is isolated and resected, and the 
intercostal vessels doubly hgated and exased Blunt separation of the 
fibers of the mtemal intercostal musde then exposes the endothoracic 
fasaa and the panetal pleura The finger is gradually mserted into 
the space between these two layers and separation of the lung from the 
chest wall is earned out An occasional dense adhesion may have to 
be damped and coagulated before cuttmg The entire space must be 
tamponed at mtervals with hot gauze packings to control oozmg 
Through this postenor incision, the entire apex of the lung may be 
stnpped as far as the hilum The stnppmg must be done with ex- 
treme care along the vertebral side When all bleeding has been con- 
trolled, a Plombe may be mserted, or the space left empty, as desired 
A hght earner is of great advantage m inspecting the depths of the 
space and frequently adhesions near the apex may have to be freed 
with a sharp separator The dosure should be carefully done, first 
approximatmg the intercostal musculature and the penosteum, if it 
has been mased, then suturmg the musde bundles of the serratus 



EXTKAPLETTHAL PNEUMONOLYSIS 


133 


posUcus, and finally, the rhomboidi and trapezius muscles, subcu- 
taneous tissue and skm 

Approach through the axillary region has also been attempted but 
has not been fruitful because of the difficulty in reaching the apex of 
the lung and also because of the paucity of muscles over this part of 
the thorax Kremer removes the penosteum from the inner surface 
of the second and third nbs and allows it to remam attached to the 
collapsed lung He beheves this provides a good base for the Plombe, 
if one IS used, and wiU allow the formation of new osseous tissue to 
mamtam the lung in its collapsed state He also advocates this 
techraque for extrapleural pneumothorax 

Graf inserts a tube through a stab wound in the second mtercostal 
space in order to inflate with air for extrapleural pneumothorax 
Schmidt does not drain but aspirates any fluid which forms He uses 
the area supplied by the fourth intercostal nerve for all needle punc- 
tures This nerve havmg been resected, the area is anaesthetic. 

Other forms of apicolysis, such as Lauwers, arc frequently combined 
with a resection of a piece of the first or second nb Naturally, any 
apicolysis or pncuraonolysis which is used in conjunction with a 
thoracoplast) is much simpler to perform because the exposure is 
facilitated by the previous resection of large segments of nbs Coffey, 
through a supraclavicular inosion, resects part of the first nb, the 
scalenus anticus muscle, and the phreme nerve m conjunction with an 
apicolysis Other modifications have been proposed by Jacobovia, 
Mallet Gu>, Grcgiorc, Locschke and Rost, and Antelava. 

IKDICATIONS 

As a general rule, the indications for extrapleural pncumonolj sis 
arc the same regardless of whether it be a simple apicoljsis, a Plombe 
or an extrapleural pneumothorax or oleothorax 
Extrapleural pncumonolj’sis is ncv'cr mdicated ns a substitute for 
thoracoplasty The low mortalit> of present day partial upper 
thoracoplast^ , together with its high jicrcentagc of favorable results, 
makes it the procedure par excellence for unilateral, apical cavntarj 
disease which cannot be treated bj cither phrenic operation or pneu- 
mothorax If there is some cxlrapulmonary complication, such as 
cardiac or renal disease, w hich makes it unlikclj that the patient will be 



134 


ARTHUR H AHFSES 


able to withstand a thoracoplasty, then extrapleural pneumonolysis 
may be tried Also, if the age or general condition of the patient 
contramdicates a thoracoplasty, extrapleural pneumonolysis is a non- 
shockmg procedure which can be well borne 
Where there is apical disease on one side and extensive pulmonary 
involvement on the other, an extrapleural pneumonolysis is mdicated 
to control the apical disease, m order that a thoracoplasty or pneumo- 
thorax may be used later over the contralateral lung Where there is 
persistent bleedmg known to come from one apex, extrapleural pneu- 
monolysis IS an effective means of controlhng the hemoptysis if pneu- 
mothorax and diaphragmatic paralysis have been unavaihng Where 
a cavity still persists after extensive nb resections, pneumonolysis is 
an excellent measure to complete the obhteration of the vomica 
Where the cavity is so large that thoracoplasty does not offer a fair 
chance of closure, a prehmmary pneumonolysis may reduce its size 
suffiaently so that later thoracoplasty can be effectual (Head- 
Michdsson) 

METHOD OE ACTION OE EXTRAPLETFRAL PNEUMONOLYSIS 

The prune factor m the performance of a pneumonolysis is, as the 
name indicates, the separation of the lung from its attachment to the 
chest wall The freemg of the cavity walls allows the normal heahng 
factors to exert their effect and permit fibrosis and contraction to 
proceed unhampered 

The advocates of simple apicolysis believe that the operative 
mampulation, as well as the effusion which forms, mitiates a fibrosis 
in the pleural layers which extends into the pulmonary tissue and has 
a direct effect upon the tuberculous process Such a fibrosis is prob- 
ably also encouraged by the use of either temporary or permanent 
tampons 

Lauwers feels that the relation of bronchial closure to obhteration 
of cavities is undoubtedly an important one It is evident that this 
may occur durmg the release of the apex of the lung and the conse- 
quent change in position which occurs 
The pressure exerted upon the coUapsed apex is of httle importance 
except in the mamtenance of the collapse The best results m 
“Plombierung” are obtamed with small amoimts of paraffin Extra- 
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plcnral pneumothorax does not have to be maintamed under high 
pressorffl In the “EinstUlpungs Plombe,” the pressure of the vjeight 
of paraffin is used to mvert the upper margin of the cavitj into the 
lower It must not be forgotten that in thick-walled caviUes, the 
blood supply IS markedly diminished Anj great pressure on such an 
area will cause a pressure necrosis of the cavity wall and a perforation 
In the use of rubber balloon tampons m suprapenosteal subcostal 
pncumonolysis, Alexander felt that the marked pressure on the pen- 
osteum was a factor in inhibiting the formation of new osseous tissue 
As m pracUcallj all other forms of surgical collapse therap> , pressure 
IS not a factor If the lung is freed from its fixed pxiints, which prevent 
concentric retraction and fibrosis, then these forces arc allowed to 
exert their natural tendency to hcahng 

EFFECT ON EESPIRATION 

It IS the negligible effect which extrapleural pncumonolj'sis has 
upon the respiratory function which makes it a procedure suitable for 
sick patients with extensive disease and low vital capaat> Even 
though an apical thoracoplasty is confined to the upper three nbs, 
there is probably very little respiration (dunng the postoperative 
period) performed by the remainder of the opicratcd lung With 
pncumonoljsis, on the other hand, the collapse is a very selective one, 
and the amount of nb removed so small that respiraton of the lower 
lobe ma> be earned on wthout postoperative pam 

Castclh used the thoracopneumograph of Bagliom to measure the 
effect of the insertion of paraffin on the movements of the thorax 
He found that only the movement of the apex on the operated side wa^ 
diminished and the remainder of the respiratory mechanism was un- 
impaired 

DIAPirRAOSTATIC PARALVSIS AND EXTBATUUKAL rVEDlIONOLYSIS 

In \icw of the fact that extrapleural pncumonolj sis was usuall} 
performed for a small sued apical lesion, it was not uncommon to find 
that diaphragmatic paralj-sis had first been tned as a method of 
collapse thcrapj Because of the use of phrenic avulsion at that 
time, the diaphragmatic paralisis was a permanent one and therefore 
was still present at the time of the pneumohoh sis Todaj, if one 
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were to try diaphragmatic paralysis for control of the apical lesion, 
a temporary paralysis would be mstituted by means of phremc crush 
Should this be of no avail and pneumonolysis then deaded upon, the 
function of the diaphragm would have returned In the early days of 
surgical therapy for pulmonary tuberculosis, diaphragmatic paralysis 
was frequently performed prior to upper thoracoplasty and extra- 
pleural pneumonolysis m the behef that it was a method of protection 
for the lower lobe and would prevent the occurrence of post-operative 
pneumoma, either tuberculous or non-tuberculous 

Nissen used diaphragmatic paralysis for prevention of aspiration 
and Kremer advised it not only for such a purpose but also to reduce 
the size of a cavity Sattler felt that a paralyzed, raised diaphragm 
was an aid in keepmg the paraffin mass in its correct position After 
considerable expenence had been accumulated and experimental 
work earned out on the value of diaphragmatic paralysis as a pre- 
ventive of postoperative pneumoma, it was evident that the early idea 
had been fallaaous 

Holst and Semb made a very careful x-ray study of post-operative 
atelectasis after apical thoracoplasties and found that this condition 
occurs much more frequently m the presence of a paralyzed diaphragm 
than when this muscle is functioning normally In as much as atelec- 
tasis IS a predisposmg cause of pneumoma, the advantages of having 
an intact diaphragm are evident 

The evidence is m favor of the diaphragm being a very large com- 
ponent in the act of cough and expectoration and therefore its action 
1 m aidmg to remove aspirated mucous and pus from the lower lobe 
bronchi is of great importance It is true that experimentally and 
climcally, dunng the course of a tuberculous bacteremia, there is less 
seedmg of the pulmonary tissues adjacent to a paralyzed diaphragm 
But the etiolog)" of postoperative pneumoma is bronchogenous m the 
great percentage of cases and only rarely hematogenous 

“simple” extrapleural pneumonolysis 

In 1893, Tuffier performed the first simple pneumonolysis m the 
extrapleural plane but mserted nothmg to mamtam the dead space 
obtamed It was not attempted by others untd F Jessen, in 1913, 
reported six cases with good results He had observed a cure m one 
Plombe case even though the paraffin had been extruded and there- 
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fore deeded to attempt simple pneumonolysis He bebe\ed tbat if 
the separation of the lung were extensne enough, and the disease 
process a suitable one for this type of therap>, healing could be ob- 
tamed The same author, in 1916, also reported the use of a some 
what different simple pneumonolj sis After the lung had been freed to 
the desired extent, the wound was left open so that the pressure o\er 
the collapsed lung remained the same as the mtratracheal pressure 
He felt that this \iould prevent recxpansion of the pulmonary segment 
Harald Jessen, in reviewing IS years of collapse therapy, in 1927, 
ated 8 cases of simple apicolysis Four were cured, (one after 11 
years, 3 after 12 years) one was well after four years, one ummprovcd 
and 2 dead Thearle, in 1926, found that simple pneumonolysis was 
of no value because the lung always reexpanded due to the granulation 
tissue which e\ entually filled the dead space. 

Lauwers, in 1928, described the opieration which came to be known 
as the “Lauwers* Apicolysis ’’ Through an antenor supraclaticular 
approach, the first nb was resected and the apex of the lung freed from 
Its attachments to the bgaments which suspend it At the same time, 
the scalenus anticus muscle was sev cred and the phrenic ncr\ c avulscd 
He used no compressing matcnal but felt tbat the diseased area of 
lung had lost its clastiaty and would not reexpand 

Frangcnheim, two years later, reported his cipcnenccs with 
Lauwers’ apicolysis but undoubtedly found that there was a tendency 
for the lung to reexpand for he suggested the injection of air or oil 
to prevent such an occurrence Bremer, in 1931, reported IS cases of 
apicolysis with a few good results (6 canties closed) He felt that 
whatever healing was obtained was not only due to the temporary 
collapse but also to a fibrosis which was imtiatcd by the operative 
procedure and the postoperative scrosanguincous exudate The 
fibrous reaction, beginning in the panctal pleura, later permeated the 
pulmonary parenchyma 

Uhlcnbruch reported 2 good results out oi 9 cases operated with the 
Lauwers’ technique Omodci Zonni, in 1932, because of frequent 
lower lobe spreads after the insertion of a paraffin Plombe, advocated 
simple apicolv SIS which apparently was not followed by complications 
In 1933, he reported 17 cases mth 7 closures of cavnty and negative 
Sputum Jachia adv*ocated total extrapleural pneumonolysis over 
tlic entire lung with the hope that the effusion which formed would 
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maintain the pulmonary collapse When this did not occur, he 
mjected a mixture of the patient’s blood and hpiodol, or used gas or 
a balloon He felt that the walls of the extrapleural space could 
become sufficiently fibrotic so that air could be mjected later 

Kremer advocated the use of simple apicolysis m cases m which 
pneumothorax did not collapse an apical cavity because of broad 
adhesions He performed the procedure m the presence of the incom- 
plete pneumothorax, which was mamtamed after operation Monaldi 
also reported 15 cases with conversion of sputum in 6, and Mantan 
has operated on 22 cases with 7 permanent cures 

Joanmdes, m 1934, recommended what he called extra-mtra- 
pleural supraclavicular apicolysis Through an mcision above the 
clavicle, (such as for phremcectomy) the phremc nerve was avulsed, 
the scalenus anticus divided and the cupola of the lung depressed by 
ffiager manipulation This was performed in the extrapleural plane as 
far as the fourth rib postenorly and the second, antenorly This 
was also earned out for adherent apical cavities with incomplete 
pneumothorax The pneumothorax cavity may be entered or held 
mtact as desired Joanmdes had not tned this procedure on patients 
but from his experiments on animals and cadavers, he felt that it was 
feasible 

Michelsson, m 1935, reported satisfactory results with 20 simple 
apicolyses He chose this operation rather than the insertion of a 
Plombe because of the many comphcations which accompamed the 
latter He did not cause a diaphragmatic paralysis before separating 
the apex because he felt that an mtact diaphragm was a vital part of 
the act of expectoration and was therefore necessary to prevent spreads 
to the lower lobe 

Michelsson has also proposed the use of apicolysis for the purpose of 
decreasmg the size of a giant cavity and lessemng the amount of 
sputum before a thoracoplasty Reahzmg that an apicolysis m 
itself would not close a large cavity, he performed apneumonolysis over 
the apex, with resection of part of the ffist nb At a second operation, 
when thoracoplasty was performed, the danger of aspiration pneu- 
moma was lessened and the chances of closing the cavity increased 

Recently, (1936) Lauwers has sought to cause a fixation of the lung 
after it has been coUapsed by his method of apicolysis After freeing 
the lung, he apphes a mixture of alcohol (5 parts), chloroform (3 parts) 
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and acetic aad (2 parts) to the pleural surface. Experiments on 
animals hai c shown that this application results in a marked pleural 
fibrosis with extension of the process into the puhnonarv parenchyma 

EXTRAPtEURAL PNEUMONOLYSIS WITH TEMPORARY TAMPONADE 

Knowing that the normal tendency of the lung is to reexpand after 
pncumonolj SIS, various methods ha\e been used temporarily to 
preserve the collapse obtamed 

Gnuiie tamponade has been the favonte medium for this procedure. 
Schlangc, in 1907, used gauze packings following pneumonolj sis to 
successful!) control pulmonary hemorrhage Eizaguirre, in 1922, 
because of complications from both fat and paraffin, used gauze pack- 
mgs alter pncumonolysis Bruns (1931) had used various types of 
gauze, plam, iodoform, and finally used vaseline gauze contaimng 0 5 
per cent iodoform and 0 5 per cent bismuth carbonate Ho was 
unable to maintain the extrapleural space even with the most diligent 
postoperative care, the lung would eventual!) reexpand and later 
thoracoplast) was necessary 

Simcnstcm has also reported the successful control of hemorrhage m 
5 out of 6 coses by extrapleural pneumonolysis and gauze tamjionadc 
Gauze tamponades are frequently used nherc pneumonolysis is com- 
bined mth thoracoplasty 

Other media have been tried in order to maintain a temporary 
collapse in the hope that ather suffiaent fibrosis would occur to pre- 
^cnl rccxpansion or that the pulmonary lesion would heal dunng this 
period Lilienthal has suggested the use of wire mesh and has used 
crumpled rubber dam to great advantage The dam will apparcntlv 
double or treble the size of the extrapleural space made at operation 
and ma\ be remoicd at the end of approximatcK 5 (la)s and be 
rcplaccil b\ a drainage tube Lilienthal uses this method of apicol) sis 
m conjunction with a first stage thoracoplasty 
Rubber balloons haie also been used for temporan pressure vithin 
the c.\traplcural space \Micn made of thin material, the) will tal c 
the shape of the space and c.xcrt uniform pressure throughout 
Gwerder and Schocnlank, in 1913, used this method ciptnmcntalli in 
animals and felt that it caused pracucalh no reaction and had the 
greatest simllant) to pneumothorax Kroh inserted an inflated 
rubber glo\ c and mninlained U in place for 2 weeks, folloiving it uath 
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gauze packing One case was for a post-pneumomc gangrene of the 
upper lobe He performed an extrapleural pneumonolysis and then 
inserted a thin rubber glove which he inflated He also tried the same 
method on a case of pulmonary tuberculosis, with an apparent cure m 
both Maisel also experimented m animals with a rubber balloon 
Baer used a rubber balloon m one case m which he had to remove a 
paraflfln Plombe After removal of the balloon, he found that there 
still was marked paradoxical respiration 
de Fonzo mserted a rubber balloon after the usual apicolysis and 
then buned the connectmg tube of the balloon subcutaneously The 
tube was then exposed at mtervals and air remjected mto the balloon 
He claimed good results m 2 cases but the follow up period was short 
Romams and SeUors also attempted to use rubber balloons but found 
that they could not be left m place mdefimtely 

Oughterson and Harvey used a rubber balloon as follows a number 
of nbs were denuded of penosteum and muscles and these tissues 
pushed mward, leavmg an extrafascial space between the nbs and the 
coUapsed lung A rubber balloon was then mserted between the nbs 
and inflated to fill the dead space The bag was kept inflated until , 
new bone had formed from the penosteum, which had remamed at- 
tached to the collapsed lung The bag and denuded nbs were then 
removed Apparently, this method was successful m animals but 
when Alexander and Haight attempted it chmcally, they foimd that 
even after 3 months, sufficient new bone had not been formed to pre- 
vent marked paradoxical respiration with aU its disturbing symptoms 
and comphcations They felt that this was due to the pressure of 
the bag on the penosteum, plus low grade infection 

EXTRAPLEITRAL PNEUMONOLYSIS VTTH PERMANENT TAMPONADE 

Fat and paraffin have been the two chief media used as permanent 
tampons after pneumonolysis has been performed Fat was first 
used but paraffin became the most widely utilized 

Fat 

Tuffier, m 1911, was the first to descnbe the insertion of fat mto the 
extrapleural space which he made by separatmg the lung m the extra- 
pleural plane Wilms also used fat transplants to mcrease the col- 
lapse obtamed at the time of performmg a thoracoplasty The 
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Wilms’ Thoracoplasty, or “PfeilresekUon,” entailed the removal of 
only small pieces of nb and the fat was inserted to aid m pulmonary 
compression In S cases, the fat healed successfully Bull, in 1920, 
also reported the use of fat to fill the space formed by the extrapleural 
pneumonolysis which he performed m order to faohtate the resection 
of the first and second nbs Steenstrup reported two successful fat 
transplants from the abdommal wall, one in conjunction mth a thora- 
coplasty and the other as an independent operation 
In 1926, TufBcr reported on 57 extrapleural pneumonolyses per- 
formed since 1891 upon S3 patients 44 were for tuberculosis, and 11 
for other pulmonary diseases Fat was used 33 times, paraflhn 8 
times, omentum 8 times, and a hpoma once Only twice was the mass 
ejected A six to nine years follow up showed that 17 were fully 
cured and 18 had died of tuberculosis In seven, a fistula had formed 
lillcnthal has also used fat transplants with success Edwards re- 
ported the use of 5 fat grafts, three m conjunction with thoracoplasty, 
one with mtraplcural pneumothorax and one as an independent opera- 
tion, but this case needed a subsequent thoracoplasty All the grafts 
healed successfully 

Zamboni (ated by Jehn) used red rubber sponge m the extrapleural 
space of animals and found that it not only healed by first intention 
but also became organized by the growth of connective tissue 
Schulze experimented with natural bath sponge and found, if treated 
with 5 per cent tanmc aad for 1 to 3 days, it formed a medium which 
healed without reaction and was slowly surrounded bj a connective 
tissue capsule 

Mmde 

Besides paraffin and fat, pedicled muscle flaps have been used to 
maintain the collapse attained by pncumonoljsls The value of 
pedicled flaps, usually of the pectoralls major and minor muscles, is 
that thev arc living grafts and not irritating Their disadv antages arc 
that thej can onlj be used for a small extrapleural space and that they 
usuallj shrink and become fibrotic after a period of time 

Shivers, m 1917, suggested both anterior and posterior pedicled 
muscle flaps m conjunction with thoracoplnst> to aid in apical col 
lapse Archibald also used pectoralis flaps through an anterior 
inasion to reenforce an npicol>-sis de Winter used muscle flaps in 
conjunction with resection of the second rib and apicoiysls Goffacrls 

t 
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reported on 36 cases of pnemnonolysis with muscle transplant There 
were 7 postoperative deaths, but m 10 cases the outcome was satis- 
factory Davies, m 1932, reported his satisfaction with the use of 
pectoralis flaps to mamtam the extrapleural space 

Alexander, in 1934, reported the use of muscle flaps m a type of 
pneumonolysis which is not a typical extrapleural pneumonolysis 
He called his procedure “suprapenosteal and subcostal pneumon- 
olysis,” and had first used it m 1927 The second and third nbs were 
stnpped of their penosteum and intercostal musculature through an 
antenor mcision The pneumonolysis thereby performed was not 
between the costal pleura and endothoracic fascia, but was external 
to the penosteum and mtercostal muscles, which were left attached to 
the lung The pectorahs muscles had been prepared m a pedicled 
flap and were drawn through the mtercostal space and fixed mto the 
cavity thus formed The denuded nbs did not lose their vitahty but 
could be removed at a later operation if necessary This type of 
pneumonolysis was similar to that used by Oughterson and Haight 
experimentally, and by Alexander with rubber balloon compression 
In a senes of 1200 patients treated by vanous surgical measures, 
Alexander used this procedure only seven times during a penod of 
seven years One was for a non-tuberculous abscess which resulted 
m a cure In three of the six tuberculous cases, the operation was done 
prehrmnary to thoracoplasty One of the remammg three died as a 
result of the operation One was improved and one apparently cured 
ChurchiU reported the use of Alexander’s procedure m three cases but 
his early good results did not persist, due, m his opmion, to shnnkage 
of the muscle flap 

Kulcycki and Norvotny experimented with muscle grafts m rabbits 
and found that they started to degenerate in a few hours and were 
removed by phagocytosis It is hkely that they experimented with 
free grafts and not pedicled flaps 

Haberhn has also used the de Wnter method of antenor pneu- 
monolysis with muscle flap msertion At a later date, he performs a 
postenor nb resection with excellent results Stegemann, in 1937, 
reported the use of extrapleural pneumonolysis through an axfllary 
approach with resection of the third nb After the lung had been 
freed, he sutured the pectorahs major muscle over the top of the col- 
lapsed lung to prevent reexpansion 
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Paraffin 

Baer, m 1913, suggested and used a paraffin muturc as a Plombe 
to maintain the space created by extrapleural pneumonolysis Many 
others claimed that paraffin was not the ideal medium for permanent 
plombage, nevertheless, m spite of many attempts to find a sub- 
stitute, paraffin has remained the only material which has given satis- 
factory results 

The techmque of the pneumonolysis is the same as that previoudy 
described After the extrapleural space has been prepared and all 
oonng has been controlled, the paraffin is inserted Baer’s original 
paraffin mixture was composed as follows 75 cc of paraffin, with a 
mdtmg point of S8°C , is mixed with 25 cc of paraffin with a melting 
point of 43-44°C To this is added 1 cc of bismuth carbonate and 
0 05 cc. of noform The paraffin should be sterilized for one hour on 
two successive days At the tunc of insertion, the mass is warmed 
until It IS phable and is inserted through the thoracotomy opemng m 
small sausage shaped masses The amount inserted depends upon 
the size of the space to be maintained This may vary from 100 to 
1000 cc tVintermtz, Scholz, Krcmer, Ncddcrmc>cr, Charner, 
Tally ai Roth, Starcke, Gilbert, Pcrcta, Truchaud and Behrens, 
believe that “Plombe” should be limited to 300 to 400 cc. in size or 
even less, and feel that larger masses are the cause of ‘'nandcring of the 
Plombe,” and perforation mto the cavity Hudson never uses more 
than 150 cc and docs not attempt to fill the extrapleural space and 
has not seen suppuration or perforation in 50 cases 
Hauke, Nisscn, Sauerbruch and others have used Plombe as large 
ns 1000 cc and Hcnschen has even used 1800 cc , but undoubtedh 
the need for such large masses can only be found in the treatment of 
extremely large cavnties, and the ideal indications for pneumonoly sis 
with Plombe limit the procedure to cavntics not exceeding 4-5 cm 
Vanous attempts have been made to find a medium which wall sur- 
pass the paraffin mixture Lcbsche omitted the bismuth and vaoform 
from the paraffin and added numerous metal pellets which would 
demonstrate the paraffin mass in the x-ray and not obscure the pul 
monarv field One objection to paraffin is that it causes a foreign 
body reaction and becomes encapsulated The ideal substance would 
be an unabsorbablc one which would not be irritating and would have 
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connective tissue grow into it from the surroundmg structures 
Eden used “Humanol,” a fatty oil Tuffier used “Beck’s Paste ” 

Brauer, m 1928, suggested “Vivocoll,” a beef serum activated with 
calaum salts It has the property of stoppmg oozmg and serous 
secretions from the tissues Heme tned “VicocoU” to which he added 
such thmgs as paraffin powder, calaum, asbestos powder, small pieces 
of cartilage, splemc capsule, penosteum and skin He sought a sub- 
stance which could be poured mto the extrapleural space thereby 
filhng all the crevices, leavmg no dead space Hatzenstein added 
cow’s milk, casein and 0 02 per cent melted Rivanol to VivocoU and 
found that this mixture healed both mtra- and extrapleurally without 
reaction and became surrounded by connective tissue 

P Schroidt, expenmentmg with wax-gelatme and gelatme plus 
steann or cellulose, felt that the first was equally as good as paraffin 
but the others were too imtatmg He found defimte connective 
tissue growth into the wax-gelatme Scholz, m three cases tned rubber 
sponge soaked m paraffin or VivocoU but had a severe local reaction 
m aU three He also tned a “granugenol paraffin mixture” m three 
cases but there was a marked reaction and the mixture was extruded 
Rehn, m 1937, seeking a substance to cause fixation of the medi- 
astmum, used “Polyvmylalkohol ” This preparation is a flmd at 45° 
to 50°C but at body temperature assumes a rubber-hke consistency 
It IS stenhzable, may be poured or injected, heals weU, and is very 
slowly absorbed This substance when mjected, produces a marked 
fixation of the mediastmum, and Rehn felt that if mserted mto the 
space produced by an extrapleural pneumonolysis, it would act as an 
exceUent Plombe and cause fixation of the lung m its coUapsed state 
AU the attempts to find a better substance than paraffin have been 
futile 

There have been various refinements in technique proposed for the 
pneumonolytic procedure so as to lessen the failures and comphcations 
occumng with paraffin Plombe Kremer does not perform the pneu- 
monolysis strictly m the extrapleural plane He also removes the 
postenor penosteum from the second and third ribs and aUows it to 
remam attached to the coUapsed lung He beheves that this added 
covermg to the lung prevents perforations into the pulmonary cavity 
In 125 cases he has not seen a perforation within the first three months 
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Furthermore, this pienosteum will form new bone and prevent future 
pulmonary reexpansion Sachs also uses this method of pneumonolj - 
SIS Kremer even advised this technique for extrapleural pneumo- 
thorax but because the separation is not in a distinct fasaal plane 
there would be danger of interstitial emphysema 
Backer-Grondahl, who feels that the pneumonolysis is the most 
important part of the procedure and behe\ es that it must be earned 
cxactlj to the correct limits, uses x-rays during the operation to 
determine when the lung has been stnppied sulBaently He inserts 
a small rubber balloon into the space made at operation, inflates the 
balloon, and takes an x-ray plate The balloon distmctly outlines the 
extrapleural space and the surgeon can tell when he has separated the 
lung suffiaently 

The amount of lung separation that is attained before the insertion 
of a paraffin mass is of great importance There must be a complete 
obliteration of the entire pleural space or else perforation into the 
pleura is likely to occur In thick-walled cavities the lung should not 
be freed below the level of the cavity for the \omica is then pushed 
downward into healthy lung tissues without bemg compressed 

In order to compress a thick-walled cavity, Hauke uses what he 
calls an ‘‘ElnstOIpung's Plombe.” He frees the lung onl> over the 
upper half of the cavity, Icavmg the lower limits fixed Then by 
plaang the paraffin over the apex of the cavity, be hopes to have the 
upper halt inverted into the lower half, much in the manner as one 
u ould Invert one half of a soft rubber ball b> squeezing 

Cavities do not necessarily hare to be compressed from above 
doiTOward but may also be treated by means of a Plombe exerting its 
action from behind The results are not os good when paraffin is 
inserted anteriorly, or through the axilla, as when it is placed on top 
of, or postenor to the lesion 

Ulna and Thomsen and Alexander used multiple Plombe on the 
same side v.uth good results If an antenorlj placed mass of paraffin 
docs not succeed in closing a casity, a supplcmcnfar> posterior in 
sertion may be performed, and Mce \crsa 

The operation of extrapleural pneumonolysis and insertion of 
paraffin is a minor, non shocking procedure and ma\ be used in verv 
sick patients with a small operative mortality Winternitz reported 
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a 3 per cent early mortality, Sattler 3 per cent, Beitz 3 per cent, Os- 
trowski 4 per cent, Steele 5 per cent, Starke 4 per cent, Stoiko per 
cent, Huber 8 per cent, Nissen 2-3 per cent, and Kremer 6 per cent 

The frequent occurrence of early or late comphcations is the objec- 
tion to the procedure Paraffin is a foreign body and acts as such 
An exudate occurs m practically every case and may have to be 
aspirated Eiselsberg noted a nse m temperature m about two-thirds 
of the cases This did not return to normal for eight to ten days He 
felt that this was due to mcreased absorption from the compressed 
areas 

Head, in 528 cases, hsted the comphcations as follows 


Lung tom at operation 

10 (1 8%) 

Pleura tom at operation 

11 (2 0%) 

Infection of pack 

12 (2 2%) 

Extmsion of pack 

7 (1 5%) 

Perforation of pack into cavity 

18 (3 3%) 

Pack slipped 

6 (1 1%) 

Pneumonia or atelectasis 

13 (2 3%) 

Operative deaths 

21 (3 8%) 


Acadents occurrmg durmg operation are uncommon but tears into 
the tuberculous cavity, openmgs into the pleura and hemorrhage 
from branches of the subclavian vessels have been reported A 
Homer’s syndrome, due to injury to the cervical sympathetic, was 
observed by Backer-Grondahl 

Tuberculous spreads to the lower lobes have occurred much less 
frequently than m selective thoracoplasty, probably due to the fact 
that the Plombe, by reason of its weight, prevents paradoxical respi- 
ration 

Infection of the paraffin bed has been reported m various frequenaes 
by different surgeons Eiselsberg claimed that 33 per cent became 
infected and Sauerbruch, m 1914, reported 25 per cent of infection and 
extmsions in his first senes of 27 cases Denk reported 6 5 per cent 
infections Hauke and Walzel, 3 and 2 per cent respectively 
Wmtermtz and Hudson had no infections and Kremer saw only stitch 
abscesses Diehl mserted a Plombe in one case and later removed it to 
perform a thoracoplasty After operation, a tuberculous infection 
of the previous paraffin bed occurred 

Extmsion of the paraffin through the skm incision may occur with- 
out the presence of infection This occurs m 1 to 5 per cent of cases 
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The paraffin may not be extruded in toto, the fistula may close after 
part has been evacuated and the remamder heal in situ 

Slipping or wandcnng of the parafiin mass has been observed by 
Denk in 13 per cent of cases IVhere only small amounts of paraffin 
arc used, this comphcation rarely occurs The presence of firm 
pleural adhesions will also tend to prevent a migration of the Plombe 
Pressure symptoms have been observed bj those surgeons using 
large Plombe Denk experienced it m 16 per cent of his cases Saucr- 
bruch has seen it occasionally and Huber saw the mass actuallj 
perforate mto the mediastinum When pressure occurs, the paraffin 
must be removed Immediately 

Early and late perforations into the tuberculous cavity are tlie most 
frequent and annoying comphcations of this operative procedure 
Once again the size of the Plombe and the character of the pulmonaiy 
pathology arc of great importance Where there is acti\e disease 
around the cavity wall, the danger of perforation is increased ^Vhcn 
the perforation occurs early, the paraffin must be removed at once 
because a sc\ ere infection of the Plombe bed usually occurs When it 
occurs late, (Saucrbruch has observed it after eleven years) the danger 
of infection is slight Part or all of the paraffin may be expectorated 
and the fistula may even close Occasionally, such an occurrence will 
have no untoward effect, especially if the pulmonary tuberculosis has 
healed 

Hudson, who uses small Plombe, had no perforations in 50 cases 
Krcmcr saw only two (12 weeks and 6 months) in 125 cases and felt 
that this was due to his technique of separating periosteum with lung 
Hauke Saw 2 5 per cent perforations, all in cases with acti\c disease 
around the cavity Steele, Beits and Walzcl had 7 to 8 per cent per- 
forations, Winlemitz 11 per cent, Denk 13 per cent, and Ncdder- 
meycr 18 per cent When a late perforation occurs after the pul- 
monary lesion has undergone fibrosis and the general condition of the 
patient has improved, a thoracoplasty may be performed to aid in 
maintaining the collapse and to close the fistula Lapin has reported 
a perforation of the paraffin into the esophagus 

Bilalrral Phmhc 

In vrew of the fact that bilateral apical thoracoplasties hav'c been 
successfully completeil, it is not surprising to find that bilateral 
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Plombe have been used Steele reported five cases performed at 
Alexander’s Chmc Behrens has reported three cases Jehn re- 
ported a cure m one case Cetrangolo and Huber have each reported 
smgle cases 

A statistical collection of the results of paraffin Plombe is difficult 
to obtain Few large senes have been reported upon and as is usual 
m most reports on the treatment of tuberculosis, the cntena of cure 
are very variable Sauerbruch states that the procedure has been 
used over 1000 times in his chmc but has not pubhshed the results 
Many reports only cover a short follow-up penod In view of the 
fact that the operation is mdicated only when more effective means of 
collapse therapy are not possible, one cannot expect the end results to 
be exceptional 

Head, m 1934, collected 317 cases from 13 authors Follow-up 
showed 101 negative sputa, sixteen postoperative deaths and twenty 
later deaths In 89 unilateral cases, 49 were considered as cured 

Table 1 gives the results as reported by authors m 1 144 cases Most 
of Head’s collected cases are included, as well as many others from the 
hterature There are probably some reduphcations because the same 
cases may have been reported by more than one author, for instance, 
both the physiaan and surgeon reportmg a senes from the same 
sanatonum Follow-up penod m many cases is short and it is difficult 
to evaluate the results where differentiation is not made between 
severe bilateral cases and ideal unilateral cases 

PNEUMONOLYSIS IN CONJUNCTION WITH THORACOPLASTY 

In the very early history of thoracoplasty, it was recognized by 
Garre and Quincke that a pneumonolysis and separation of adhesions 
would be a distmct advantage m the performance of a nb resection 
The early thoracoplasties did not always mclude resection of the first 
nb and therefore Fnednch suggested an apicolysis to free the pul- 
monary apex from its attachment to the first nb 

Bull performed a pneumonolysis in conjunction with a thoracoplasty 
because he found that it facihtated the removal of the first and second 
nb Stockhn also utilized pneumonolysis to mcrease the collapse 
obtained by nb resection Sauerbruch has always advocated the use 
of pneumonolysis as a part of thoracoplasty m mdicated cases Wihns 
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Plombe have been used Steele reported five cases performed at 
Alexander’s Clinic Behrens has reported three cases Jehn re- 
ported a cure in one case Cetrangolo and Huber have each reported 
smgle cases 

A statistical collection of the results of paraffin Plombe is difficult 
to obtam Few large senes have been reported upon and as is usual 
m most reports on the treatment of tuberculosis, the cntena of cure 
are very vanable Sauerbruch states that the procedure has been 
used over 1000 times m his chmc but has not pubhshed the results 
Many reports only cover a short follow-up penod In view of the 
fact that the operation is mdicated only when more effective means of 
coUapse therapy are not possible, one cannot expect the end results to 
be exceptional 

Head, m 1934, collected 317 cases from 13 authors Follow-up 
showed 101 negative sputa, sixteen postoperative deaths and twenty 
later deaths In 89 unilateral cases, 49 were considered as cured 

Table 1 gives the results as reported by authors m 1 144 cases Most 
of Head’s collected cases are included, as well as many others from the 
hterature There are probably some reduphcations because the same 
cases may have been reported by more than one author, for instance, 
both the physiaan and surgeon reportmg a senes from the same 
sanatonum Follow-up penod m many cases is short and it is difficult 
to evaluate the results where differentiation is not made between 
severe bilateral cases and ideal unilateral cases 

PNEITMONOLVSIS IN CONJUNCTION WITH THORACOPLASTY 

In the very early history of thoracoplasty, it was recognized by 
Garre and Qumcke that a pneumonolysis and separation of adhesions 
would be a distinct advantage m the performance of a nb resection 
The early thoracoplasties did not always include resection of the first 
nb and therefore Fnednch suggested an apicolysis to free the pul- 
monary apex from its attachment to the first nb 

BuU performed a pneumonolysis m conjunction with a thoracoplasty 
because he found that it facihtated the removal of the first and second 
nb Stockhn also utihzed pneumonolysis to increase the coUapse 
obtamed by nb resection Sauerbruch has always advocated the use 
of pneumonolysis as a part of thoracoplasty m mdicated cases Wilms 
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not only used fat transplants to fill the space which he created at the 
time of performing a thoracoplasty, but also used pieces of nb as a 
Plombe The pectorahs flaps of de Wmter were used in conjunction 
with a wide nb resection 

Steenstrup recommended apicolysis with fat implantation as an 
adjunct to thoracoplasty Bruns and Casper, m 1932, reported 12 
very successful results with the followmg procedure which took the 
name of “Caspar Operation” Large nb resections of the first five to 
seven nbs were performed, preservmg the penosteum An extra- 
pleural pneumonolysis was then performed over the closed lung with 
severance of the intercostal muscles The cavity thus formed was 
packed with 20 per cent arg3Tol gauze, the pressure bemg exerted 
from behmd forward, and not from above downward Gauze tam- 
ponades were used until a new-formed osseous bndge produced a sohd 
barner against which the lung could no longer reexpand Bemou, 
Berard, and Proust aU recommended the conjunction of an apicolysis 
with partial upper selective thoracoplasty Berard did not feel that 
the removal of the transverse processes was necessary but Proust, on 
the other hand, felt that this was important m order to obtam a good 
collapse 

Holst, m 1932, advocated the followmg procedure after resection 
of the second nb, a wide extrapleurcil pneumonolysis extendmg below 
the level of the camty was performed The remammg upper four to 
SIX nbs were then resected A flap was then formed from the soft 
parts, including muscle and penosteum This was placed over the 
apex of the collapsed lung and held m place by means of packmg 
This packmg was removed m five to seven days and a dram mserted 
Although there was a severe postoperative reaction, due to suppuration 
m the wound, five cavities out of seven were closed 

Nissen combmed apicotysis with upper partial thoracoplasty where 
the camty was adherent to the apex and the vertebrae The antenor 
lateral thoracoplasty, practiced hy a number of Italian surgeons, 
combmed the use of phremcectomy and scalemotomy m one stage, 
resection of large pieces of the fourth to the eighth nbs m the axiUary 
hne at a second stage, and resection of the third, second and first, 
together with apicolysis, at the third stage Thompson, m 1934, 
advocated the extrapleural stnppmg of the lung after upper nb re- 
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section m order to pre\cnt the cavity from remaining suspended at 
its apex He believed that it was necessary to remove all the fixed 
points of adhesions so as to allow relaxation towards the hilum 
Lihenthal has been a staunch advocate of the use of apicolysis com- 
hmed with upper nb resection In fact, he has found it unnecessary 
on occasions to remove the first nb in the presence of an extensiv e 
freeing of the apex of the lung 

Szelocxey has used an apical nb resection, plus apicolysis, to col- 
lapse an adherent apical cavity in the presence of a good pneumothorax 
over the lower lobe He also performs an extrapleural pneumonoly sis 
dunng revision operations for unsuccessful thoracoplasties by stnpping 
the lung away from the vertebrae and inserting a bundle of intercostal 
muscles 

Kmsella, in domg revision operations, does not separate m the 
extrapleural plane because of the danger of perforating the lung, but 
places packings upon the muscles and penostcum and then presses 
the scapula over the packings He uses gauze soaked m 1-1000 
aenflavnne with tube drainage at the top and bottom of the wound 
This packing is allowed to remain in place for as long as 48 davs 
The new formed bone and fibrosis prevent redxpansion In 13 
cases in which this revision operation was performed, 11 cavities were 
dosed and a negative sputum was obtained m all 13 
Neuhof suggested the use of a procedure which he named “Pneu- 
mocav ernolysis.” After a moderate posterior nb resection of the 
upper four to fiv e ribs, the lung is stripped from the chest wall an- 
tenorly and over the apex If the lung is endosed in a thick, cal- 
cified pleural sheath, this is carefully pared away until only pulmonary 
tissue remains Packing is then inserted over the collapsed lung and 
kept in place as a tamponade for a number of weeks Keuhof re- 
ported good results m a senes of 34 cases 
In the last few years, the most popular tvpe of pneumonoU sis to be 
combined mth selective partial thoracoplastv has been the type ad 
vocated by Semb This is not an extrapleural pncumonolvsis in the 
true sense of the word It is, on the other hand, as Semb designates 
It, an cxUafascial apicolysis It is perfonned external to the endo 
thoracic fascia and penostcum so that when it is completed, the 
penostcum remains attached to the lung and forms a new bndge of 
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osseus tissue on the collapsed lung This technique of Semb has 
found wide approval amongst thoracic surgeons throughout the enture 
world It has proven to be the best procedure for the collapse of the 
apical cavity which is adherent to the brachial plexus, the subclavian 
vem and the vertebral col umn 

EXTRAPLEURAL PNEUMOTHORAX 

Extrapleural pneumothorax was first mentioned by Tuffier m 1891, 
when he descnbed his ongmal extrapleural pneumonolysis which he 
performed at that time without the msertion of any extraneous 
material Both in 1910 and m 1914, he offered the procedure as a 
definite method for the treatment of tuberculosis Mayer, m 1913, 
descnbed a procedure in which he created a partial extrapleural 
space The lung remamed coUapsed for three or four weeks and then, 
when reexpansion began he filled the extrapleural cavity with air 

Mayer also performed an apical extrapleural pneumonolysis over the 
site of an adherent cavity when there was an mcomplete mtrapleural 
pneumothorax over the lower lobe By openmg the pleura through 
the extrapleural space, he converted the mtrapleural and extrapleural 
cavities mto one and even went so far as to cut adhesions through this 
opemng Jessen, who was the most persistent user of vanous types 
of extrapleural pneumonolyses, used an open extrapleural pneumo- 
thorax After the lung had been collapsed, he did not close the soft 
tissues but allowed the wound to remam open so that the extra- 
puhnonary pressure was the same as that within the trachea 

Eden, m 1918, performed a pneumonolysis over the upper lobe with 
the mtention of msertmg air mto the extrapleural space and mamtain- 
mg a pneumothorax m that way Unfortunately, perforation of the 
cavity occurred, the dead space was then obhterated by thoraco- 
plasty but the patient died Postmortem exammation showed a 
collapsed lobe with fibrosis of the cavity, and Eden came to the 
conclusion that pneumonolysis was suffiaent to cause heahng and 
might be of value as a procedure to be performed pnor to thoraco- 
plasty 

Rieckenberg, in 1920, performed a manual pneumonolysis upon 
two patients, but from the descnption one cannot teU whether it was 
extrapleural or mtrapleural In both cases, air was mjected under low 
pressure and pneumothorax mamtamed for some time Follow-up 
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results were not given Ulna, through an incision parallel to the 
seventh intercostal space, freed the entire lung from the diaphragm to 
the apex by blunt dissection, leaving the diaphragmatic pleura in situ 
After careful closure of the wound, by sutunng the ribs together, he 
attempted to maintam a pneumothorax but was unsuccessful because 
of reSipansion of the lung and the dc\ elopment of infection Riviere 
and Romanis, in 1923, desenbed two cases in which the lung was sepa- 
rated extrapleurally without remo\ al of a nb segment In one, they 
waited twelve days before givmg air and then found that the lung had 
reExpanded The second case had air injected earlier but the patient 
died in seven weeks because of suppuration m the extrapleural space. 

Harald Jessen, in 1927, reported on mne cases of extrapleural 
pneumothorax Of these nine, one was cured over a penod of ten 
y cars, two had been temporarily improved, one hvmg three years and 
the other five years, both then dying from progression on the other 
side In two cases, the outcome was unknown Four had died, two 
from progression of the disease and two from hemorrhage 
Frangenheun, m 1930, found that the lung tended to rcExpand after 
simple apicolysis and suggested that the injection of either air or oil 
could be used to prevent this rcCxpansion Toussamt desenbed an 
extrapleural oleo pneumothorax in which the wound was packed for 
two days with a paraSin eucolyptol gauze and then a paraffin oil 
mixture injected Krampf also used the method of combimng an 
extrapleural pneumothorax inth an mtraplcural collection of air by 
freeing an adherent apical cavity in the extrapleural plane and then 
opening into the intrapleural space. He maintained this combined 
pneumothorax and later found that the openmg into the intrapleural 
space closed, permitting him to institute an extrapleural oleothorax 
Sebestyen, usmg a procedure somewhat sunilar to Mayer, performed 
an extrapleural pncumonolysis where an incomplete pneumothorax 
was complicated by blunt apical adhesions He earned his pneu- 
monolysis down to the area of the mtraplcural pneumothorax, opened 
the pleura and incised around the blunt adhesions kVhen these w ere 
freed, the lung collapsed He then had a combined intra and extra 
pleural pneumothorax which could be maintained as long ns a year 
In twcl\c cases, he had seven cures Most of these pneumothoraecs 
had to be concerted into olcothoraces 
Nisscn, in 1931, reported the use of extrapleural pneumothorax in 
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five cases Three died of progression of their disease Two were 
followed with satisfactory results Zandonmi used a 5 per cent 
gomenol paraffin mixture m the extrapleural space following pneu- 
monolysis Jachia performed an extrapleural pneumonolysis m two 
cases and mjected a mixture of hpiodol and the patient’s blood This 
caused a reaction with an effusion which compressed the lung for a 
short time The wall of the newly formed space became fibrotic 
and the space was filled with air Romanis and Sellors also tned 
mjection of gas into the extrapleural space but found it was rapidly 
absorbed from the raw surfaces and surgical emphysema was a very 
common sequel 

It is evident that up to 1936, all the attempts at the creation and 
mamtenance of an extrapleural pneumothorax were performed spo- 
radically, and apparently no one was sufficiently satisfied with the 
procedure to persist m its use and to try it on a large senes of cases 
In 1936, Graf suggested that the procedure could be standardized and, 
if used m the correct type of patient, would undoubtedly be of value 
m the treatment of pulmonary tuberculosis 

After the pneumothorax has been mamtained for a short time, there 
IS frequently a tendency for the lung to start to reexpand In these 
cases, the pneumothorax is converted mto an oleothorax m the same 
manner as it is done intrapleuraUy This is necessary in a large per- 
centage of cases, especially those which are comphcated by effusions, 
either stenle, tuberculous or secondarily infected Schmidt and 
Adelberger also made a preliminary report on this method m 1936 

In 1937, Graf reported that he had performed extrapleural pneu- 
mothorax on 107 patients, with 7 deaths all occurrmg m the first 40 
cases No results were given because he felt that the follow-up penod 
was too short HautefeuiUe and Dreyfus, m France, also became 
enthusiastic Rhodes m England, descnbed the procedure and 
Roberts reported on 33 cases Of three very sick patients, two died 
and one was improved Of 30 bilateral lesions, but with the possi- 
bihty of cure, 25 were chmcaUy domg well In 18, the cavity had 
disappeared 

CoryUos has reported on 12 cases m which there were practically 
no techmcal difficulties but the follow-up only covered a penod of a 
few months Mutschler, because of inabihty to maintam the extra- 
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plexirnl pneumothorax, inserts an obve oil preparation at the time of 
operation He fills one third of the cavity with the oil and allows the 
serous exudate to fill the remainder 
Schmidt, m 1938, reported on 200 cases of whom 25 had died Of 
the surviving 175, 121 have negative sputum The cavity is not 
visible m 93 The tcchmquc of the procedure is sumlar to that for 
any extrapleural pneumonolysis except that Graf and Schmidt strip 
the lung over a much wider area than had previously been attempted 
The lysis is earned as low as the seventh nb postenorly m practically 
all cases A minute descnption of the procedure has been published 
by Graf The postoperative care is extremd) important Occa- 
sionally, air must be injected on the mght of operation and daily 
thereafter for a number of filhngs Tluoroscopy must be done daily 
The pressure should never be increased over plus 10 and if higher 
pressures are necessary', oleothorax should be begun 

BcUinger has reported the use of the “Tomograph” for postopera- 
tive X rays He feels that with the use of this device, a more exact 
picture can bo obtained as to the postoperative result and the status 
of the cavity 

The comphcations are itemucd by Schmidt and although occurring 
frequently, may be handled to a successful conclusion Early mor- 
tality was four and late mortality was 21 In 20 cases, there nas a 
hemorrhage into the space but in five of these, pneumothorax could 
be mointamed and in eight oleothorax was instituted Only 45 cases 
had a dry space postopcrativdy Of these, 25 ucre continued as 
pneumothoraces and 14 os oleothoraccs In 72 cases an aseptic 
exudate occurred Nineteen of these were earned over mto pneumo- 
thoraces and 41 into oleothoraccs Nineteen devdoped stenlc pus, 
of which 13 were converted into oleothoraccs by means of gomcnol 
There were 8 tuberculous exudates, two of which were converted into 
oleothorax and three are still bemg aspuated There were 31 sec- 
ondary infections, five non toxic and 26 toxic. In the non toxic 
group, four have oleothorax In the toxic group, 8 have oleothorax, 
four are being aspirated and six have been drained Of the deaths, 
SIX occurred m the dry cases, and six m the aseptic exudate group 
One case vnth sterile pus died, and three cases with tuberculous 
MippuraUon ceased Of the 31 secondanlv infected, nine died 
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From these statistics of Schmidt, covermg a series of 200 cases, we 
can see that there are numerous comphcations which have to be dealt 
with postoperatively and unless the end results warrant it, this pro- 
cedure wiU not attam a defimte place in the surgical therapy of pul- 
monary tuberculosis 

Emmler and Roberts have each recently reported a case of bilateral 
extrapleural pneumothorax. 

SUMMARY 

It is evident from the history of the use of extrapleural pneumonoly- 
sis in the therapy of pulmonary tuberculosis that the procedure is one 
which has httle to offer as an mdependent measure Up to the 
present, this has apphed to all the modifications which have been 
attempted Whether extrapleural pneumothorax with its lately 
revised techmque will have greater success is still to be seen 

When the surgeon is called upon to treat bilateral pulmonary tuber- 
culosis, the probabihty of success is immediately dmumshed because 
of the nature of the disease itself 

When one surveys the comphcations which may occur with extra- 
pleural pneumothorax, and knowmg how poorly the patient with 
extensive tuberculosis withstands any comphcation, it is apparent 
that there must be many failures 

If the percentage of good results is suffiaently high, any surgical 
procedure will automatically become widely used If, on the other 
hand, the good results are few m number, the question anses as to 
the usefulness of the operation Grantmg that bilateral pulmonary 
tuberculosis has a very poor prognosis, is it warranted to operate upon 
a large number of patients m order to save a few, beanng in mmd that 
the fives of the others will be shortened or made less happy This is 
a question which every surgeon must decide for himself or m conjunc- 
tion with the patient 

Extrapleural pneumonolysis, as an mdependent procedure, will find 
its usefulness m the exceptional case of pulmonary tuberculosis, 
probably the patient with unilateral apical disease in whom thoraco- 
plasty IS contramdicated because of age or extra-pulmonary pathology 
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From these statistics of Schmidt, covering a series of 200 cases, we 
can see that there are numerous comphcations which have to be dealt 
with postoperatively and unless the end results warrant it, this pro- 
cedure will not attam a defimte place m the surgical therapy of pul- 
monary tuberculosis 

Emmler and Roberts have each recently reported a case of bilateral 
extrapleural pneumothorax 

SUMMAEY 

It is evident from the history of the use of extrapleural pneumonoly- 
sis m the therapy of pulmonary tuberculosis that the procedure is one 
which has httle to offer as an mdependent measure Up to the 
present, this has apphed to all the modifications which have been 
attempted Whether extrapleural pneumothorax with its lately 
revised technique will have greater success is still to be seen 

When the surgeon is called upon to treat bilateral pulmonary tuber- 
culosis, the probabfiity of success is immediately dinumshed because 
of the nature of the disease itself 

When one surveys the comphcations which may occur with extra- 
pleural pneumothorax, and knowmg how poorly the patient with 
extensive tuberculosis withstands any comphcation, it is apparent 
that there must be many failures 

If the percentage of good results is sufficiently high, any surgical 
procedure will automatically become widely used If, on the other 
hand, the good results are few in number, the question anses as to 
the usefulness of the operation Grantmg that bilateral pulmonary 
tuberculosis has a very poor prognosis, is it warranted to operate upon 
a large number of patients m order to save a few, beanng in m i n d that 
the fives of the others will be shortened or made less happy This is 
a question which every surgeon must decide for himself or m conjunc- 
tion with the patient 

Extrapleural pneumonolysis, as an mdependent procedure, wdl find 
its usefulness m the exceptional case of pulmonary tuberculosis, 
probably the patient with unilateral apical disease m whom thoraco- 
plasty IS contraindicated because of age or extra-pulmonary pathology 
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From these statistics of Schmidt, covering a senes of 200 cases, we 
can see that there are numerous comphcations which have to be dealt 
with postoperatively and unless the end results warrant it, this pro- 
cedure will not attain a definite place in the surgical therapy of pul- 
monary tuberculosis 

Emmler and Roberts have each recently reported a case of bilateral 
extrapleural pneumothorax 

SUMMARY 

It IS evident from the history of the use of extrapleural pneumonoly- 
sis in the therapy of pulmonary tuberculosis that the procedure is one 
which has httle to offer as an mdependent measure Up to the 
present, this has apphed to aU the modifications which have been 
attempted Whether extrapleural pneumothorax with its lately 
revised techmque wiU have greater success is stiff to be seen 

When the surgeon is called upon to treat bilateral pulmonary tuber- 
culosis, the probabffity of success is immediately dnmmshed because 
of the nature of the disease itself 

When one surveys the comphcations which may occur with extra- 
pleural pneumothorax, and knowmg how poorly the patient with 
extensive tuberculosis withstands any comphcation, it is apparent 
that there must be many failures 

If the percentage of good results is sufficiently high, any surgical 
procedure will automatically become widely used If, on the other 
hand, the good results are few m number, the question anses as to 
the usefulness of the operation Grantmg that bilateral pulmonary 
tuberculosis has a very poor prognosis, is it warranted to operate upon 
a large number of patients m order to save a few, bearing m mind that 
the hves of the others will be shortened or made less happy This is 
a question which every surgeon must deade for himself or m conjunc- 
tion with the patient 

Extrapleural pneumonolysis, as an mdependent procedure, will find 
its usefulness m the exceptional case of pulmonary tuberculosis, 
probably the patient with unilateral apical disease in whom thoraco- 
plasty IS contramdicated because of age or extra-puhnonary pathology 


1085 Park Ave 



rxTiiArLruHAr rvEUMoson '^is 


157 


BIBUDGRArJIY 

(1) Adelcmoei, L Ubcr Tcchnlk and NachbetaHluDS dcr fczIcUcn Tcllplislik 

and dct Bnc\WTMil>'»c Butr KUa,Tbk,8S 7l5»1936 

(2) ALECA^DOt, IL Ul<r Plombcnbchandlang dcr LunBcntubcxtulosc. Bciir KUn 

m 72 380, 1929 

(3) AuocAvprB, II riombc Thcnpy of PulmouMy Tabcnmlo^ Zbl Tbk Forsch 

31 163 1929 

(4) ALECAKDti, J Suprapcnosteal and Subcojtal Pncumol>iU with HUbg of Fcctoral 

hluides Arch. Surg 28 538, 1934 

(5) AlXXAKtuf, J The CoUipie Theap> of Polmonaty Tuberculosb 

(6) Auttla^a, N Upper Thoracoplasty In Pulrnonwy TubcrculoaU Ikirt«i» Tbt 

171 1934 (43 413) 

(7) AtemBAU) Extrapleural Thoracoplajly and a Modificaliou of the Operation of 

AplcolyiU utUlilDg MukJc Flap* for the Compresilon of the Lung Amcr 
Rev Tbc. 4 823, 1920 1 

(8) Ascou M I Indjcotiorvc teenka c reautuU ddU pncumollil cxtraplcurka con 

piomlmggio ncIU tubcrculoil polmonait. lA>lta. Tbc. 3 487, 1932 (*37 

5M) 

(9) Ascou, if rr Fcca Di una mMlficaxkrac nclU tccnlca dell 1 apicolMi sfinpllce. 

LolU.Tbc 6 381, 1935 (44 439) 

(10) A&cou, M Ivo lUto attuale deUa chlrurgica della tubercolo*! polmoDarc> BoO 

Acad UnebRomtB 521,1956(45 501) 

(11) D4,cvca CaosoAHL, K PWmhleruog lahctkuloser UingcaetlrMikuijgta. Tech 

nik und Ergebnlise. Acta, CKlr Scand 78 1, 1936. 

(12) TlAti.G Dffl KlimWchfiKhr I 107,1913 

(U) Dau, G Uber cxtrapleuralc Paeumolpc rcUl loforiigcr riomWerung bd Eongen 
tuberkuloM Moneb iled. Wchnschr CO 1537,1913 

(14) Hati, G Uriicrc biihcrifc RcsuUate bcl dcr Bchandlang \rm lAing^nlubcrktilotc 

tnUlel* PlocnWerunR und verwandte Mrthndtn 74»clu Tbk 23 209, 1914 

(15) Baei C Neunrehn Jabrt Parafunplorabc In dcr IrUngtnchlrurgie TikH Tbk 

04 319,1932. 

(16) DtHirMS, \\ l)lc nombenoperatlon W dcr lAmccntubcrkUore Schwrli. Med 

4\chn3cbr 62 1010 1932 

(17) Denat^xa, U Die PlombenopcrailonbeldetBoDgmtubexkuloic, SchweU- ifed 

WcWhr <d CO 1933 

(18) Bj:n»t>.(, W The Operation of riombaBe Tubercle tS 97, 1933 

(19) ButtCKa, Some Obierrallmji on the llorcbapc Opctulbn lo Pulmonary 

TuUrculoib Btll Jour Tbc. 30 17,1936. 

(21)) Brrrr J t SpltmuIiatcUMhOUiUppenplc-nbleruot ZucKTbk 77:533 1937 

(21) Bmixer* II Die betemderr Rednjtung dcr Korpmchl huurnabjTic fOr die 

BoitleBuog dnextrap!cUTaltn,auUa\iialen Pncutno^anfl Olcnanrax, DtKb. 
m Bl It 213 1937 

(22) BttArti tr ALi Uoe t«hrk}cc flrirld.c«- de 1 apljilyae Prr<*e itnl 3'* 1497, 

1993 


*Ab«lr»ctrtllf»7.mlnlliiU (urdietr^a- eTul-ertuV *c fem^'ung 



156 


ARTHUR H AUTSES 


From these statistics of Schmidt, covering a senes of 200 cases, we 
can see that there are numerous comphcations which have to be dealt 
with postoperatively and unless the end results warrant it, this pro- 
cedure will not attain a defimte place m the surgical therapy of pul- 
monary tuberculosis 

E mml er and Roberts have each recently reported a case of bilateral 
extrapleural pneumothorax 

SUMMARY 

It IS evident from the history of the use of extrapleural pneumonoly- 
sis in the therapy of pulmonary tuberculosis that the procedure is one 
which has httle to offer as an mdependent measure Up to the 
present, this has apphed to aU the modifications which have been 
attempted Whether extrapleural pneumothorax with its lately 
revised technique will have greater success is still to be seen 

When the surgeon is called upon to treat bilateral pulmonary tuber- 
culosis, the probabihty of success is immediately diminished because 
of the nature of the disease itself 

When one surveys the comphcations which may occur with extra- 
pleural pneumothorax, and knowmg how poorly the patient with 
extensive tuberculosis withstands any comphcation, it is apparent 
that there must be many failures 

If the percentage of good results is sufficiently high, any surgical 
procedure will automatically become widely used If, on the other 
hand, the good results are few m number, the question anses as to 
the usefulness of the operation Grantmg that bilateral pulmonary 
tuberculosis has a very poor prognosis, is it warranted to operate upon 
a large number of patients m order to save a few, bearmg in mmd that 
the hves of the others wiU be shortened or made less happy This is 
a question which every surgeon must decide for himself or m conjunc- 
tion with the patient 

Extrapleural pneumonolysis, as an independent procedure, will find 
its usefulness m the exceptional case of pulmonary tuberculosis, 
probably the patient with unilateral apical disease m whom thoraco- 
plasty is contraindicated because of age or extra-pulmonary pathology 
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I INTRODUCTION 

Those afflicted with scserc chest delonnitics arc greatly handi- 
capped and rarely li% c to old age. Such deformities have occasionall> 
proved fatal through secondarj' effects such as pulmonarj infection, 
paraplegia or esophageal obstruction, but the most dramaUc and 
probably the most frequent cause of death of the hunch backed has 
been pulmonocardiac failure Heretofore httlc attention has been 
given in the English medical literature to this biaarre sjTidromc In 
1921 Finlcj in Canada remarked on the “almost complete absence” 
in Enghsh medical htcraturc of any reference to the effects of scoliosis 
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I introduction 

Those afllicted iMth severe chest deformities are greatly handi- 
capped and rarely hvc to old age Such deformities have occasionally 
proved fatal through secondary ellects such as pulmonary infection, 
paraplegia or esophageal obstruction, but the most dramatic and 
probably the most frequent cause of death of the hunch backed has 
been pulmonocardiac failure Heretofore httle attention has been 
given m the Enghsh medical literature to this bizarre sj ndromc In 
1921 Finley in Canada remarked on the “almost complete absence" 
m English medical hterature of any reference to the effects of scoliosis 
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aoracic viscera and he then presented 4 such cases dying with 
; of heart failure The first report in England (18) appeared 
inder the title, “fatal cardiac failure occurring in persons with 
deformity of the chest ” In the Umted States a smgle such 
1 reported by Reid m 1933 Later Carr descnbed the cardiac 
itions in two cases of funnel chest and recently Truesdale 
itt reviewed the previous surgical efforts made to reheve this 
deforrmty and descnbed their modification of the operative 
le m helpmg one patient 

jar contrast to this we find numerous clinical notes on “scoho- 
: disease’ m the French and German medical hterature Con- 
ns have also appeared m Italy (39), Russia (40) and the Ar- 
(13) Knowledge of this ailment had become so well estab- 
1 France by 1883 that Constantm Paul mcluded in his text 
heart disease an entire chapter entitled “Le Coeur de Bossus ” 
Romberg warns m his text book that high grade kyphoscoho- 
rly always die m heart failure and he mentions that Cursch- 
ad observed this 26 tunes m the Leipzig dime 
ugh the syndrome of pulmonocardiac failure is rare m that it is 
to those with severe chest deformities, we beheve that it is of 
1 occurrence m those deformed The succession of changes m 
js and hearts m these patients follows a recognizable cluneal 
The present report is a contnbution toward the better 
anding of this syndrome of pulmonocardiac failure m mdi- 
with chest deformities It mdudes an historical review of 
iject, dmical and some pathological observations on twelve 
severe kyphoscohosis and finally the results of critical studies 
d to estimate and explam the decrease m the functional capac- 
tie lungs and hearts of those afflicted 

n HISTORICAL REVIEW AND SUMMARY 

lugh the earhest recogmtion of the r61e of pulmonocardiac 
in chest deformities is obscure, the 46’th aphonsm of Hippo- 
1) may be quoted, “Such persons as become hump-backed from 
or cough before puberty die ” Undoubtedly Hippocrates 
lysiaans of later centuries observed the truth of this terse 
jnt as it is weU known that such persons who acqmre severe 
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ctest delomuty m youtli die at an early age Although these phy- 
siaans recognized the dyspnea and untimely death of the hunch- 
backed one gams the impression that they (20, 47) attnbuted the 
effects entirely to compression of the lungs as little or no mention is 
made of the possible effects on the heart and circulation 
A review of the hterature concerning the effects of chest deformities 
on thoraac viscera enables us to present the following summary 
The incidence of chest deformities is unquestionablj high but no 
accurate figure is available nor can we estimate the number of those 
who suffer pulmonocardiac failure From all sources that appear in 
the bibhography we found 126 repiorted fatal cases Obviously this 
matenal can not be treated in a stnctly statistical manner as essential 
points were frequently omitted m the mdividual reports 

The etiology of these deformities is not always clear Although 
pohomyehtis was unrecognized as such at the time of earher reports, 
It IS possible that it has alwa)rs been the chief cause of thoraac de- 
formities Congemtal or hereditary defects, nckets, and finally tu- 
berculosis have been the other etiologic factors m their probable order 
of occurrence 

Defonmties of the thorax are usually classified as lordosis, kyphosis, 
scoliosis, kyphoscohosis, pectus excavatum (funnel chest) and pectus 
cannatum It is doubtful if moderate kyphosis, scohosis or pectus 
cannatum ever cause harmful intrathoraac changes However it is 
plain that severe kjqihosis or scohosis, either of which usually becomes 
kyphoscohosis, and the funnel chest often cause changes in the tho 
raac viscera suffiaent to produce the symptoms and signs of pul- 
monocardiac failure Neidcrt (4) concluded that with severe spinal 
curvature death came through heart failure, lesser grades disposed to 
tuberculosis while mild or shght deformities had little or no influence 
on life expectancy Fixation of the spine and nbs in spondyhtis and 
arlifiaal pneumothorax arc known (35) to reduce the vital capaaty 
but pulmonocardiac failure has never been recognized as a compli- 
cation 

Severe chest deformity occurs in both sexes but more often in the 
male. For some unaccountable reason the inadence of nght sided 
kiphoscoliosis IS far greater than left, in only IS of the 126 cases was 
it stated that the curvature was toward the left side In a right 
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Sided deformity the primary curve m the dorsal vertebrae is directed 
to the right of the mid hue This produces a bulging or convexity 
of the right chest "wall while the secondary or compensatory curve 
bends the vertebral column sharply to the left causing a compression 
or concavity of the left chest This is an important observation as it 
has led to the theory that pulmonocardiac failure in nght sided de- 
formity is due to compression of the left chest which m turn oppresses 
the heart and forces it over agamst the left chest wall 

The outstandmg symptoms of the embarrassed lungs and heart m 
their order of frequency are dyspnea, palpitation, cough and epis- 
taxis Precordial pam was noted only twice Most of the patients 
acqmre the angulation of their spmes in youth and the deformity m- 
creases until about the age of 18 or 20 years S)anptoms usually 
appear withm a few years after the deformity reaches its maximum 
Once severe symptoms develop the mterval before death is usually 
short 

The average duration of pulmonocardiac failure m 18 cases was 5 
months although m 10 others symptoms had been present many years 
The average age at death of 79 patients was 30 years The rapid 
development of pulmonocardiac failure, with congestion and edema 
as termmal manifestations, gives httle advance wammg to the 
physiaan 

Dyspnea is the chief symptom m these patients Schneevogt m 
1854 was the first to measure accurately the dimmution m their vital 
capacity which he did by means of the spirometer Another impor- 
tant observation on the breathmg of those with chest deformities has 
been made by de Vesian who pomted out that they have a normal or 
habitual dyspnea Because of changes m the thoracic cage they 
breathe with efiort, often usmg the nbs ineflaciently Abdommal 
muscles then play a large r61e and the respiration becomes chiefly 
abdonunal in type This habitual dyspnea increases m these patients 
until they notice that shght exertion troubles them and soon they be- 
come subject to attacks of paroxysmal dyspnea, asthma or even epi- 
sodes of great weakness and famting This transition from habitual 
dyspnea to severe symptoms marks the onset of pulmonocardiac 
failure 

The outstandmg signs of pulmonocardiac failure are dyspnea and a 
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perastently rapid heart rate Irregulanty of rh>'thm has been noted 
only by de Sottas and Boas Hypertension was thought by Dumas 
to be significant but usually there is httlc if any increase in the systohc 
pressure but often an mcrease m the diastohc level Edema of the 
legs, usually a termmal sign, is not common and anasarca is rarely 
observed Charactenstic heart murmurs have not been descnbed 
although the second pulmomc sound is often accentuated and in a few 
a systohc murmur is heard Enlargement of the heart is obviously 
(hfficult to detect when changes in the conformabon of the chest occur 
but displacement toward the nght and upward is usual Fluoroscopic 
ohservabons by Rosier and Edeiken in cases of kyphoscohosis re- 
vealed a “mitral shaped heart” with evidence of right sided enlarge- 
ment m most instances It is their opmion that these changes occur 
only with right sided kyphoscohosis as m left sided deformity the 
heart lay more in the median posibon and its appearance was httle 
altered 

The morbid anatomy has been adequately descnbed m 69 of the 
fatal cases discovered m the hterature 

In regard to the heart, 45 of the 69 had hypertrophy and dilatation 
of the nght ventncle , in 2 cases there was dilatation of the nght aunclo 
alone One case is descnbed as having dilatabon of the nght ^ entncle 
and pulmonary artery, m another with a large nght ventncle the pul- 
monary artery was small In the remammg 20 of these 69 the size 
of the heart was considered normal or there was some slight degree of 
left ventncular enlargement. Ljundahl has looked for pathologic 
changes in the pulmonary artenes and veins of three cases of scoliosis 
but he found nothmg to cxplam the enlargement of the nght heart 
One of his cases should be excluded as the pabent had sihcosis, which 
IS known to produce an enlarged right heart (IS) 

In the opmion of Poissonicr, atrophy of heart muscle is mote com- 
mon than hypertrophy although the charactensbc iesion is diiatabon 
of the nght ventncle It has been suggested that cramping and 
spadal hmitabon may prevent diastohc filling of the coronary artenes 
in these hearts, but we found no desenpbon of significant changes in 
these vessels and there has been no recorded electrocardiographic 
evidence of coronary vessel disease The cxhausbvc study m the 
pathology of the cardio-vascular systems m 276 cases of chest dc- 
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fomuties by Bacbmann is somewbat confusing wben one considers 
that 36 of bis cases bad valvular heart disease, 70 bad some pencardial 
changes and 129 had degenerative myocardial disease 

Congemtal cardiac defects have been descnbed (9, 16) as additional 
burdens in two patients 

The morbid anatomy of the limgs has been extensively studied 
and yet there is no agreement as to the effect of thoraac deformity on 
the lung tissue Rieder was impressed with the actual disappearance 
of lung substance following a partial collapse Both Rieder and de 
Gouraud found compression in some areas and compensatory emphy- 
sema m others In contrast to this May, who studied two cases m 
frozen sections, was impressed with the total decrease m the size of 
the lungs rather than a change m shape or microscopic appearance 
Atrophy of the lung seemed apparent to de Vesian and m one of his 
cases the total Ixmg weight was only 590 gms The tendency of the 
collapsed lung areas to harbor infection or to fail to resolve after 
pneumoma has been stressed by Bertsch 

Bacbmann gives perhaps the best evidence of pulmonary changes 
as he states that m his 276 cases of thoracic deformity there was 
pneumoma m 60 per cent, emphysema m 46 per cent, bronchitis in 
41 6 per cent, atelectasis m 31 2 per cent and bronchiectasis m 6 1 
per cent 

In the past the explanations for this syndrome of pulmonocardiac 
failure have not been adequate to explam all the foregomg clmical 
and pathological manifestations On the basis of a smgle case in 
which the aorta was sharply angulated along the spme Corvisart 
postulated that aortic obstruction is the common cause of these symp- 
toms However, exammation of the heart m his case, as m Kla- 
wansky’s, revealed right and not left sided cardiac hypertrophy that 
one would expect with aortic obstruction As early as 1828 Delpech 
called attention to the displacement of the heart and great vessels m 
gibbosity Although the myocardium m these cases may have suf- 
fered poor nounshment and anoxemia there has been no direct evi- 
dence to support Meyer’s (36) theory of cardiac compression Hedic 
observed by fluoroscopy that the diaphragms in his cases were ele- 
vated and because of their position and poor excursion he beheved 
that the return of blood to the nght heart was impeded Forget, 
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de Sottas and Bane have interpreted the terminal process as one of 
heart failure alone, but they presented no conclusive evidence or 
reasoning for such an assumption 
De Vesian m 1884 was possibly the first to place emphasis on the 
part played by failure of both the lungs and heart m those with chest 
deformities He pomted out that dunmution in lung volume and 
dilatation of the nght ventncle are consecutive to chest deformities, 
and that these patients ordmanly die after a senes of attacks of asys- 
tole or in asphyxia as a result of acute pulmonary infection which 
further decreases the vital capaaty His mterpretation of the pn- 
mary effect being on lung tissue and the consequent embarrassment of 
the heart seems to us a most reasonable explanation but it still leaves 
us uncertam of the exact mechanism of puhnonocardiac failure 

The treatment of puhnonocardiac failure has been balked largely 
by the very nature of its cause Usually the deformity reaches its 
maximum by the 18th or 20th year Before this age spmal fusion 
has been done to arrest the deformity but the results appear to have 
been only partially successful, after this age the patients usually wear 
braces and supportmg jackets with some relief Brugsch exhorted 
the orthopedic surgeons to exerase great caution m undertakmg any 
surgical procedures on these patients because of their tendency to 
develop alarming puhnonocardiac symptoms Actual surgery of the 
chest for rehef of the effects of funnel chest was first tned m 1911 by 
Meyer (37) and since then the reports of Sauerbruch, Carr and Trucs- 
dale have been encouragmg 

Treatment of the cardiac failure itself has followed the usual hnes 
with rest, diuretics, bleeding and digitalis These measures hare 
been of little value m relieving the progressive symptoms and signs of 
puhnonocardiac failure The use of morphia m these cases has been 
condemned by Schroeder for its respiratory depressant effect As a 
measure for the rehef of acute symptoms do Vcsian advised the m 
halation of oxygen as early as 1884 General hjgicnic measures and 
a particular effort to avoid respiratory tract infection are of paramount 
importance in these individuals As mentioned before, pulmonary 
infection in the compressed lung often leads to grave symptoms and 
maj prcapitate a rapid puhnonocardiac failure 
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m CLINICAL INVESTIGATIONS 

The previous paragraphs have summarized the recorded facts 
concerning pulmonocardiac failure caused by structural changes in 
the thoraac cage Here in Table I are summarized the chief pomts 
of chmcal interest m twelve additional cases Of these twelve, four 
died in pu l monocardiac failure, six are hvmg a very restncted life and 
the remaimng two are httle handicapped One of these cases is of 
particular mterest as it was possible to contrast him with his normal 
twm brother 

From table 1 and the chmcal histones appended it is clear that the 
general pattern of this disease follows that previously descnbed and 
need not be repeated here It is necessary, however, to add a few new 
observations and to emphasize certam details already mentioned 

An important and httle mentioned fact is that the defomuty in 
these people has so hindered their general development that their 
appearance suggests dwarfism They are small, shy, poorly nounshed 
and frail-appearmg It is somewhat surpnsmg that clubbmg of the 
fingers was umversaUy absent Unfortunately their tendency to 
complam has been frequently interpreted as a psychoneurotic mam- 
festation This was true m three instances of the present senes and 
one of these was receivmg psychotherapy until a short time before 
his death 

Ten of the twelve had a right sided kyphoscohosis and two had a 
left sided deformity The deformity m ten cases had gradually in- 
creased from early age untd adolescence at which tune it became rela- 
tively fixed In one case, W C , the deformity developed after 
adolescence The study of this mdividual offers surpnsmg data, 
the possible significance of which will be discussed later The short- 
est duration of the deformity was seven years and the longest forty- 
four years before pulmonocardiac symptoms appeared Five of the 
twelve declared that they obtamed rehef of symptoms in the recum- 
bent position, some even attemptmg hyperextension of the spine for 
rehef, this has been a hitherto unmentioned feature Sudden faint- 
ing attacks, durmg which the patients lose consaousness and become 
momentarily pulseless and cyanotic, are probably similar to the epi- 
sodes of asystole so often mentioned by French physiaans, these at- 
tacks may occur in the absence of the usual signs of heart failure 
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Such attacks occurred in three of the twelve and were observed, with 
considerable alarm, m two From the observations of the critical 
episode in Case I and the fatal outcome m Case 4 Schroeder is con- 
firmed m his opmion that morphme or other re^iratory depressants 
should be used with great caution 
Habitual dyqinea was admitted by aU but one of the twelve and 
he was one of the two with a left sided deformity Just when the 
habitual dyspnea becomes severe enough to mark the onset of pul- 
monocardiac failure is as yet a matter of mdividual c lini r. a1 opimon 
In the review of the hterature concerning the efiects of chest de- 
formity there was no mention of mvestigations designed to measure 
the functional capaaty of the lungs and hearts of the patients This 
very prohlem was undertaken with the hope of explaming better the 
physiological sequence of events which leads to untimely death m 
pulmonocardiac failure. Although the results of this study have not 
revealed a complete eiqilanation we oflier here the data obtamed with 
limited mterpretations 

Methods of tnvesUgalton 

First, measurements of body size and weight were made and the 
DuBois formula was apphed to estimate the body surface area 
Second, the lung volume and its subdivisions were determined 
The method of Christie was used in determinmg residual air, m these 
measurements the only values discarded were some of the first and a 
few subsequent ones in which too httlc oxygen had been used 
The third step was studying the respiratory metabobsm by meas- 
uring the carbon dioxide production, respiratory volume, basal me- 
tabolism and then the response to breathing a mixture contaimng a 
low partial pressure of oxygen To test this response a mixture con- 
taining 12 ± 0 2 per cent oxygen was prepared and the subjects in- 
spired this through the same mouthpiece and valve used for the 
metabolism determmaUons They were under the impression that 
the same sort of test was bemg done and in all but two cases no dis- 
comfort was experienced Samples of arterial blood were drawn 
before and after the subject had been breathing the mixture for several 
minutes and also while he continued to breathe it 
Fourth, observations on the circulation included the cardiac output 



TABLE 1 

Chntcal data on 12 patictits with dorsal kyphoscoliosis 
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determined by GroHman's acetylene method and direct venous pres- 
sure readings The arculation time from arm to tongue, usmg the 
method of Wmtermtz as modified by GargiU, was done m 3 cases 
The early trials in measunng cardiac output were unsuccessful be- 
cause proper allowance had not been made for the low vital capacity 
of these subjects By suitably reducmg the volume of the mixture, 
lengthemng the preliminary mmng penod to 12 seconds and con- 
tinumg the rebreathmg penod to 25 seconds satisfactory duphcates 
were obtamed 

Finally the properties of artenal blood were determmed under 
normal conditions The methods used here and for the estimation 
of partial pressure of carbon dioxide m the blood and alveolar air were 
the same as those previously descnbed m reports from the Harvard 
Fatigue Laboratory 


Results of tnveshgatwn 

Body measurements and values for the several divisions of the 
lung volume of these patients are given m tables 2 and 3 The meas- 
ure of the effects of the disease on the height and weight supports our 
previously mentioned clmical impression that general development is 
retarded by spmal curvature This is best seen by companng W I) 
with his normal, identical twm brother, J D The height of W D is 
12 per cent, the weight 39 per cent and the surface area 26 per cent 
less than that of his normal brother The oxygen consumption in 
both was similar when considered m relation to the surface area 

Figure 1 shows the subdivisions of lung volume that were measured 
One of the stnkmg features m the measurements of lung volume was 
the absolute and relative reduction m vital capaaty The values for 
the vital capacity ranged from 700 to 2520 cc which represents a 
decrease to about one half the normal value Furthermore, the vital 
capacity constitutes from 35 to 53 per cent of the total lung volume in 
these patients while m the normals studied it amounted to 57 to 69 
per cent of the total The averages are 44 and 63, respectively It 
is to be noted, however, that in the patient W C the residual air is 
considerably higher than all others and compnses 58 per cent of the 
lung volume This suggests the presence of a true emphysema 
The ratio of residual air to vital capacity is 1 3 m the patients and 0 6 
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m the normal subjects, tbs best explains the respirator>' difficulties 
and habitual dyspnea that these patients suffer The bean deviation 
between the final duplicate values for residual air m patients was 180 
cc with only one value greater than 210 From 4 to 6 consecutive 
determinations on each of 5 normal subjects yielded more concordant 
values, the mean deviation was 110 cc 


TABLE 2 
Body mtasuTtmnis 



1 r 

A P 

L-S 

R-B 

w a 

V, D 

7 D 

' M N 

Sex 

Female 

Female 

Male 

Male 

Male 

Male 

Male 

Male 

Age 

22 

45 

17 

17 

38 

31 

31 

24 

Height, cm 

138 

146 

169 

17S 

165 

152 

173 

138 

Weight, tg 

33 3 

37 1 


KQ 

S9 6 

45 5 

74 4 

33 3 

Surface, m * 

1 12 

1 24 

I 1 61 

1 1 60 

1 61 

1 4 

1 89 

1 12 


TABLE 3 

Tko lurtg wlune and U 4 iubdroUions 
Measurements in cubic centimeters 



Kmoscozionc* 

voxiuia 
















Cm 

c4 

n 

c3 

q 

Q 

Q 


Q 


Q 



■i 


0 ! 

& 


- 

0 

Q 

P 
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Vital capadty 

700 

1460 

1330 

2230 

3620 

1220 

4050 

2720 

4180 



3190 

Complement^ olr 

420 

990 


[Jjffl 


KMI] 


1655 

3240 

HSS] 

3610 

1990 

Supplemental air 

280 

470 

530 



270 

twfS 


940 

920 

1590 


Tidal air 

160 

320 

375 

430 

390 


490 

360 

520 

435 

430 

480 

Kcsidual air 

1300 

1720 

1295 

1955 


nn 

2505 

2010 

2310 

2930 

2780 

1450 

Per cent in total volume of 






B 







Vital capaat> 

35 

46 

51 

53 



62 

57 

64 

61 

65 

69 

Residual air 

65 

54 

49 

47 

E 

B 

38 

43 

36 

39 

35 

31 


• Twin brother*- 


Tabic 4 shows that the average basal metabolic rate of seven of the 
twelve patients is plus 5, while the number of cases is too small to 
yield a rdiable aicrage it is likdy that the average metabolism is 
lower as the Du Bols formula probably gives too small a surface area 
for persons mth structural deformities The irrcguar contour in- 
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creases the surface area over that of the normal person of correspond- 
mg height The respiratory volume tends to be larger than that of 
the normal person havmg the same oxygen consumption This is 
shown by dividmg the respiratory volume by the oxygen consumption, 
those with kyphoscohosis breathe from 25 to 35 hters of air for each 
hter of oxygen absorbed while J D (normal) used only 22 Ex- 
pressed m another form, the amount of oxygen abstracted from 
mspired air is usually from 4 to 5 per cent, while m our senes the 



amount was only 3 45 The reason for this is probably the relatively 
smaU amount of residual and supplemental air 
In testing the response to low oxygen pressure, patient M N 
caused considerable alarm by havmg an attack of acute, non-fatal 
pulmonocardiac failure After breathmg 12 per cent oxygen for a 
few minutes she became cyanotic, pulseless and comatose while l3ang 
flat Recovery took place slowly and she was able to walk with aid 
at the end of an hour Further studies were not attempted The 
second patient, I P , had a similar attack about one half hour after 
the tests were completed Both of these subjects, as well as W C , 
the third person hable to such attacks, show evidence of pulmonary 





defiaency, in table 4 it is seen that they show a iugh artenal p CO 2 
under normal conditions and a notable fall m oxygen saturation on 
breathi n g 12 per cent oxygen, which is the equivalent of attainmg 
an altitude of 14,500 feet The others were not distressed by breath- 
ing the low oxygen mixture The percentage mcrease m ventilation 
was considerably greater m some cases than is observed m normal 
subjects, it is well here to compare the twm brothers The mcrease 
in heart rate, however, in aU mstances is normal 
Table 5 shows no consistent changes m cardiac output m these 
patients A P and L S have an output of about one-fifth greater 
than normal and R B about one fifth less than normal Persistent 
tachycardia was present in six of the twelve, it was most evident m 


TABLE 5 
The circulation 



I P 

A P 

L S 

R B 

w c 

W D 

J n 

J G 

Pulse 

84 

84 

64 

126 

86 

83 

68 


Aiterteno- venous Oj difference, cc 

67 2 

48 2 

47 

7 2 

56 

57 



Blood flow, liters per minute 

2 4 



2 9 

3 9 

3 3 



Venous pressure cms ivater 

8 8 



6 4 

3 4 

7 8 

9 2 

7 0 

Forced inspir glottis closed 

14 2 



13 3 

3 8 




Forced expir glottis closed 
Circulation time m seconds (arm to 



8 4 

21 0 

4 4 

15 5 



tongue) 



12 5 

12 0 




13 0 


R B and may be related to his low cardiac output There was no 
extreme deviations from normal in the arteno-venous oxygen differ- 
ence The venous pressures measured dunng rest and durmg forced 
inspiration and expiration with the glottis closed reveal no abnormah- 
ties The circulation time from arm to tongue was normal m three 
mstances 

The properties of artenal blood are shown m table 6 One man, 
L S , showed a significant anemia and it was he who had a shght 
increase m cardiac output, the others were on the low side of normal 
The percentage saturation with oxygen was normal except in W C 
who had a notable anoxemia The heightened respiratory volume, 
noted above, does not then cause greater than normal blood oxygena- 
tion, on the contrary, it is probably necessary if the normal gaseous 














exchange is to be maintained The blood hydrogen ion concentration, 
serum protem, serum chloride and base were all mthm normal limits 
The adequacy of gas exchange may be measured by comparmg the 
partial pressures of arterial blood with those in alveolar air In 
normal man, whether at sea level or high altitudes, equihbnum with 
regards to carbon dioxide is virtually complete, m three of these 
with kyphoscohosis the pressure head of carbon dioxide, p COj, is 
within the normal range, m the others it is shghtly elevated or m 
other words, the diff erence between arterial and alveolar COj is ab- 


TABLC 6 

Properties oj arterial blood and ihe carbon dioxide pressure padteni in the lungs 



LP 

AP 

M N 

L.S 

R 

B 

W 


w 

D 

J D 

HBOj CEp , vols per cent 

16 

35 

18 

m 

17 

55 

14 

69 

19 

73 

19 

08 

18 

65 

18 

30 

HBOj content, voK per cent 

is 

51 

17 

45 

16 

42 

13 

71 

18 

81 

16 

71 

18 

17 

17 

60 

Oxygen aatoration, per cent 

95 

3t 

95 

9 

93 

7 

93 

4 

95 

4 

88 

If 

97 

5 

96 

2 

Cell volume, per cent 

wm 

9 

43 

5 

37 

8 

34 

8 

44 

6 

45 

4 

42 

1 

41 

4 

HBOt cep of ceUs, voL per 

















cent 

40 

0 

41 

9 

46 

8 

42 

2 

44 

2 

42 

0 

44 

3 

44 

2 

Total COj 

51 

7 

51 

2 

48 

El 

53 

3 

46 

8 

53 

8 

S3 

1 

SO 

4 

H ion concentrutlon 

7 

36 

7 

35 

7 

38 

7 

42 

7 

34 

7 

39 

7 

34 

7 

36 

Serum protein, per cent 

7 

05 

7 


6 


7 

10 

6 

70 

6 


6 

65 

6 

35 

Serum chloride, me/1 

102 

0 


2 

101 

9 

101 

0 

104 

3 

103 

7 

104 

9 

101 

5 

Serum base, me/1 

153 

6 

151 

9 



153 

9 

151 

1 

153 

7 

148 

5 



Arterial p COj mm. Hg 

44 

9 

46 

0 

41 

6 

39 

9 

43 

0 

44 

5 

48 

5 

44 

2 

Alveolar p CX)i, mrcu Hg 

m 

4 

40 

6 

38 

8 

37 

8 

39 

8 

41 

6 

43 

0 

41 

8 

A p COi 


5 

5 

4 

2 

8 

2 

1 

3 

2 

3 

9 

5 

5 

2 

4 


A Difference. 

* Subject to attacks of acute non fatal pulmonocardlac failure, 
t One of the results from two punctures 


normally great Evidently there is no serious impairment of abihty 
to transfer COs in any of these patients and only W C was unable to 
maintain the normal pressure gradient of oxygen while at rest It is 
possible that studies of gas exchange durmg muscular activity imght 
be useful in revealing defects which arc concealed m the resting state 
However, because of the precarious clinical condition of these patients, 
we thought such studies were inadvisable. The discordant findings 
in the case W C suggest the desirabilitj of comparing in a larger 
senes the effects on the lungs of those who develop their deformity 
before and after the grow th period 
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IV S U M M ARY AND INTERPRETATIONS 

It seems clear that persons with severe thoracic deformities, par- 
ticularly those with a right sided dorsal kyphoscoliosis, suffer an 
habitual dyspnea that may mcrease to the pomt of imposmg a severe 
limitation of activity Later on m hfe palpitation, famtmg attacks 
or aggravation of the dyspnea by exertion or changes m position may 
harass those deformed Such a sequence of events is sufficient to 
diagnose pulmonocardiac failure and to warn the physician of the 
precarious hold that these people have on hfe The average duration 
of hfe, 30 years, may surprise some, but it has been appreciated by 
msurance compames for years 

The mvestigations recorded here are the first that attempt to ex- 
plam these phenomena In tracmg the progression of events m these 
patients it is obvious that the primary difficulty is the thoraac de- 
fomuty Vital capacity may gradually be reduced by one half or 
more As this occurs the ratio of residual air to vital capacity is 
doubled Consequent to these changes the respiratory volume m- 
creases but despite this mcreased work less oxygen is actually removed 
from the mspired air The mechamsm of pulmonary exchange lacks 
efficiency and mcomplete oxygenation of the blood may occur despite 
the compensatory reaction The two patients who fainted showed 
this pulmonary defiaency by havmg a high artenal CO 2 content and 
a defimte anoxenua produced by the equivalent of attaimng an alti- 
tude of 14,500 feet One of these was rendered comatose and pulse- 
less by this procedure and the second developed the attack shortly 
after the expenence 

Additional evidence that the chief effect m this syndrome is on the 
lungs IS found m the clinical facts that pulmonary infection, respir- 
atory' depressants or any process that further reduces pulmonary 
function m the hunchbacked may lead to pulmonocardiac failure and 
even death In those deformed, particularly after pohomyehtis, the 
usual mechamsm of respiration is altered by the great hmitation of 
costal movement The nbs move only ineffectively and breathmg is 
accomphshed largely by movements of the diaphragms Partial 
collapse and infection are but natural results m these poorly aerated 
lungs 

In general the structures within the thoraac cage, not exceptmg 
bone, give way before the spaaal needs of the heart and great vessels, 
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as distortion of the chest progresses over a penod of years there is 
ample tunc for the heart and great vessels to adapt themselves to 
changes m position and yet to follow the natural rate of growth, 
these mdividuals all seemed to have at least normal sized hearts 
In contrast to this the lungs are soft and easily compressed Even 
m normal people we know that a pressure as hght as the nbs exert will 
mark the lung surfaces Bremer has recently oSered convmcing 
evidence that the normal lung grows by the increase m the number 
of alveoh and not by their increase in size After lobectomy he found 
actual regeneration of lung tissue occumng in the young while only 
dilatation of the alveoh occurred m the adult whose lungs had stopped 
growmg These important observations seem to explain the great dif- 
ference of opimon mentioned before m regard to the pathologic eSects 
of chest deformity on the lungs It diould be noted by comparing 
tables 1 and 3 that all of the kyphoscohotics whose deformity started 
before puberty had a marked reduction m vital capaaty and residual 
air, suggestmg an underdeveloped lung The one case, W C , with 
surpnsmgly high values for vital capacity and residual air acqmrcd 
his defonmty after the growth penod and so it is likely that he has a 
vesicular or alveolar emphysema. Atrophy of lung tissue probably 
does not occur, but rather the lungs can not develop to their full size 
m the cramped thorax, hence the frequent descnption at autopsy 
that the lungs resembled children’s lungs 
We know that m many of those deformed the nght ventncle of the 
heart is enlarged and its walls often arc thickened This is difficult 
to explain if we can not postulate mereased work and pressure within 
the pulmonary circulation, unfortunately exact measurements of this 
kind are not feasible We have determined that the arculation time 
through the lungs is normal, that the pressure m the venous system 
IS normal, thht the arterial pressure and cardiac output arc usually 
normal, but as yet we can not measure the pressure within the nght 
ventncle However the tachycardia and frequent presence of an 
accentuated second pulmomc sound support a likely explanation that 
increased work and pressure are maintamed by the nght xentnclc in 
order to maintain artenal oxygenation through the cramped and 
underdeveloped lungs It is possible that in severe funnel chest the 
rotation and displacement of the mediostmum, such as Carr desenbes, 
arc additive factors in pulmonocardiac failure 
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Pulmonocardiac failure gradually overtakes these crippled people 
and as dyspnea increases we realize that the lung space has been fur- 
ther reduced and a greater burden has been placed on the right heart 
Congestive failure of the usual type, as in our case 3, may occur or 
repeated crises with sudden death in a cardiac delirium, as in case 1 
StiU other and perhaps more frequent mechamsms are the sudden, 
quiet famting attack in which the patient becomes pulseless, cyanotic 
and comatose, or the profound respiratory failure, as m case 4, these 
episodes seem to fit the descnptive French terms of termmal asystole 
and asphyxia 

This s3Tidrome of pulmonocardiac failure is not analogous to the 
usual cor pul m onale or to Ayerza’s disease It stands alone m its 
pecuhar manifestations 

From this analysis of the factors underlymg pulmonocardiac fail- 
ure it is possible to formulate rather broad concepts for its treatment 
First, every effort to reheve the deformity should be pursued through 
the penod of adolescence until the deformity is arrested Sup- 
portive measures m the past have often been madequate and for this 
reason the early use of spinal fusion operations to hold the spine m 
position IS recommended These are matters for the consideration 
of the orthopedic surgeon The matter of breathing exercises, pos- 
ture habits and a conscientious effort to correct the deformity are 
qmte dependent on the cooperation between the patient and physiaan 

The tendency of these waiped people to complam must be accepted 
with patience and it must be realized that their bizarre symptoms are 
not usually psychoneurotic manifestations 

When the habitual dyspnea of those deformed is replaced by the 
severe dyspnea of pulmonocardiac failure great personal care should 
be urged Activity should be limited and mountam chmbmg or 
plane travel are to be discouraged The prevention of respiratory 
tract infection is of the greatest importance and respiratory depres- 
sant drugs and anesthetics are to be used with considerable caution 
In the event of actual heart failure httle aid can be expected from the 
remedies usually employed 

We are titdebfed to Dr Tracy B Mallory for his aid and suggestions 
m preparing this paper 
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V TWELVE CASE HKTOBIES 

Case I F C , female, aged 29 Right kyphoscoliosis, f poliomydilis 
Fatigue, palpUatum, anile edema, dyspnea, iadiycardia and cyanosis aggra- 
vated by the upright position and relieved by hyperextension Crists precipitated 
by a respiratory depressant (pantopon) Sudden death in pidmonocardiac 
failure 2 years after onset of symptoms 

An unmarried Jewish girl of 29 first entered the hospital in August, 1933 
She gave a history of having a spinal curvature beginrung at the age of 7 
and becoming progressively worse until the age of 20 During these years 
she was well and worked as a salesgirl until the age of 28 when she gradually 
became irritable, Ured easily and noted palpitation and occasional swelhng 
of the feet. 

Physical examination showed a moderately obese girl in no distress but 
her head was deeply set between her shoulders because of a severe, high, 
right dorsal kyphoscohosis The heart was considered normal, the blood 
pressure was 110 mm systolic and 76 diastohc For the first week in bed 
the pulse rate varied between 80 and 100 but thereafter it remained con- 
stantly between 76 and 86 

While m the hospital she was on bead traction for 16 days and was then 
discharged with instructions to wear a Thomas collar of leather and steel 
that was fitted on to a chest support. A neurological consultant found no 
signs of pressure on the spinal cord or nerve roots 

On January 2, 1934, she returned to the hospital complainmg of short 
ness of breath and chest pains She said that bed rest in h^'perextension or 
wearmg the brace relieved her symptoms and for this reason she was 
annous to have the spinal fusion operation that had been suggested at the 
pimdous entry A medical consultation was requested and she was seen 
bj one of us (E M C ) who found that she was short of breath while at 
rest with a respiratory rate of 30 to 40 There was no cyanosis and the 
heart action was rapid, 90 to 100, regular, and no murmurs were heard 
The second pulmonic sound was accentuated The blood pressure was 
128 systohe and 94 diastohc. She was considered a poor operative risk 
because of the existence of potential heart fndure due to the cliest de- 
foimity However a cardiac consultant and another medical consultant, 
supported by a normal electrocardiogram, declared that she was sound and 
so a low spinal fusion was performed under avcrtin anesthesia on Janu- 
ary 16 This required 3 hours and she did weli under the operation except 
for some cyanosis and a pulse rate that continued between 120 and 130 
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Her recovery was uneventful except for continued tachycardia February 
12 she was discharged to a convalescent home where she contmued to he 
in a plaster shell 

On Apnl 4, 1934, she returned to the hospital because of pam m her 
lower nbs and back She was very d 3 ^pneic while sitting up but when in 
hyperextension with head traction she was comfortable Tachycardia 
contmued and her vital capaaty on two tnals was found to be 540 and 
580 cc A nb resection was advised and on May 4, as a preoperative meas- 
ure she was given pantopon gr ^ subcutaneously Wi thin a few mmutes 
she became deeply cyanotic, extremely dyspneic and the immediate use of 
an oxygen tent was necessaiy She contmued m a cntical state for the 
next 8 da 3 ^, spendmg most of the time m the oxygen tent On May 28, 
without preoperative medication, 3 nbs were removed from the area of 
greatest deformity under local and hght gas-oxygen anesthesia that lasted 
55 minutes After 5 more days m the oxygen tent she emerged m fair 
condition and returned to her shell m hyperextension The heart rate 
contmued between 90 and 110 On Jime 12th she was allowed to go home 

On Apnl 26, 1935, she was brought to the emergency ward because of 
severe dyspnea and cyanosis of 12 hours duration She was placed in an 
oxygen tent with some rehef At 2 p m she was taken out of the tent for 
transportation to the ward but en route she became cyanotic, gasped for 
breath and her heart’s poundmg agamst the chest wall at a rate of 160 
could be seen plainly At 2 15 p m she received morphia gr f and a 
venesection of 300 cc was started She died at 3 30 p m and an autopsy 
was not permitted 

Roentgenograms of the chest of this patient are unsatisfactory for m- 
terpretation of heart size and no fluoroscopic studies were done 

Case 2 F C , female, aged 26 Right dorsal kyphoscohosts, Pott’s 
disease since the age of 3 years Intermittent attacks of sudden tachycardia 
and swelling of the l^t hand, attacks precipitated by emotion and fatigue 
Diagnosed cardiac neurosis, possible paroxysmal tachycardia Sudden death 
in pidmonocardiac failure 4 years after onset of symptoms 

This was an unmarried Amencan girl who had Pott’s disease at the age 
of 3 years and had a spmal fusion at 8 years because of an advancmg scoho- 
sis She was seen at mtervals m the orthopedic department from 1914 
untd 1925 and then she was sent to the outpatient medical department on 
March 16, 1931 because of suspected heart disease She was then 26 
years old and complained of sudden attacks of rapid heart action and si- 
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multancous swelling of the left hand These attacks had been co min g 
about once a month for the previous 3 years They lasted about 20 
mmutes and then gradually disappeared Only m recent months had the 
patient noted dyspnea on exertion 

Physical eiammation showed a frail girl weighmg 75 pounds, with a 
severe nght dorsal Lyphoscohosis mvolving the upper and mid dorsal 
spme She was m no distress and wore a supporting brace and jacket that 
had first been fitted m 1914 A few moist riles were heard in the left axilla 
The heart was not enlarged to percussion, the apex impulse was forceful 
and a soft systohc murmur was heard at the pulmomc area The heart 
rate was rapid, 100, with a smus arrhythmia There were no signs of 
congestive heart failure. 

It was the impression of the medical consultant that she had either a 
cardiac neurods or possibly paroxysmal tachycardia. Her family physiaan 
had told her that her heart action was rapid dunng the attacks On April 
6, 1931, a roentgenogram of the chest was reported as showmg compression 
of the lower lung lobes and this was considered to be the cause of the riles 
No mention was made of the heart size and since that time the films have 
been destroyed. She was seen again on June 12th and reported that she 
had had only one more attack and that was after a strenuous week end 
On May 12, 1932, the patient died suddenly at home and was attended by 
her family pfijaiaan who diagnosed it as a heart attack An autopsy was 
not done. 

Coje 3 C S , male, aged 45 Right dorsal kyphoscoliosis, familial 
Tnlemtilatl attacks of dyspnea, pain in the back, tachycardia and nervous- 
ness Treated with psychotherapy Asthma severe for two weeks and then 
death in sudden pulmonocardiac failure I year after onset of symptoms 

A iS-jcar-old Amcncan clerk entered the out patient medical depart- 
ment on Fcbruaiy 17, 1933, comploinmg of attacks of “nervous prostra- 
tion” for the previous j ear The attacks consisted of periods of an hour 
when he had to sit up in bed to get his breath and sometimes he hud to get 
on his hands and knees for comfort There had been some pain in the back 
between the scapulae His family phj’siaan had assured him that it was 
all due to nerves The family history rev ealcd that two brothers, on aunt 
and a great aunt also had lesser grades of the same tj’pe of spinal curvature 
The patient’s deformity had appeared m the first j-eor of life and smcc the 
age of IS he had lost in height from S feet 6 inches to S feet 3 inches. 

Phj'Sical examination showed a surpnsinglj robust-man who was v cry 
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armous and restless On exertion he became d 3 ^pneic and showed a 
coarse tremor of the hands The examination of the heart was unsatisfac- 
tory because of his spmal curvature, but it was considered normal The 
blood pressure was 130 systohc and 90 diastohc The clmical impression 
was that he had an effort S 3 mdrome and neurosis 

A review of the roentgen ray films of the chest taken on March 13 shows 
obvious enlargement of the nght heart and although the apex reaches the 
left lateral chest wall the position is due to the deformity 

On March 3, 1933, he seemed to feel better after a psychiatnc consulta- 
tion dunng which the psychiatrist noted dyspnea, tachycardia and a few 
moist rMes at the lung bases On March 16th the psychiatnc consultant 
noted “much obsessive-compulsive matenal about bed posture,” as the 
patient said he had to get on his hands and knees to breathe comfortably 
On March 31st the patient was brought mto the emergency ward because of 
severe asthma and for 3 mghts he had been forced to remam m a chair 
As it was late at mght the psychiatnst was not called 

Ph 3 ^ical exammation now showed the man sittmg on the edge of his 
bed puffing and wheezmg The bps and nail beds were shghtly cyanotic 
The neck veins were not engorged It was remarked that the severe nght 
dorsal kyphoscohosis had caused a concavity of the left chest The heart 
sounds were regular, 110, and the soimds were of poor quahty producmg 
a tic-tac rhythm The second puhnomc sound was loud and reduphcated 
The blood pressure was 140 systohc and 110 diastohc The chest was full 
of moist crepitations and there was pittmg edema of the ankles The 
vessels of the retmae showed only moderate sclerosis 

He was admitted to the ward m the late afternoon and received digitahs 
gr 3 At 8 45 p m he received morphia gr | At midmght he became 
suddenly worse and died before the house officer could reach him 

Autopsy The body was that of a thick set middle aged man with deep 
cyanosis of the face and upper trunk The neck and temporal vems stood 
out plainly There was moderate edema of the lower legs and feet The 
curvatuve of the spme extended to the mid nght chest wall and the antero- 
lateral surfaces of the vertebrae touched the nbs but there was no adhesion 
between them From there the spme turned sharply to the left and lay 
almost transversely until it passed the mid hne to the left m the upper lum- 
bar segment The lungs were small and pink and had the appearance of 
children’s limgs There was a small patch of local atelectasis on the 
antenor surface of the nght upper lobe No emphysema was found The 
pericardium was normal and the heart lay to the left of the mid chest The 
heart weighed 350 grams and was enlarged only in the nght ventnde, the 
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capaaty of which was 3 times normal and its walls were thickened to 8 
mm The columnae camae of the nght ventricle were hypertrophied 
The left ventricle wall measured 15 mm The heart valves were entirely 
normal The aorta followed the tortuous course of the spine but showed 
no changes m caliber The pulmonary artery was normal The hver 
seemed enlarged and weighed 1800 grams The remainder of the organs 
were normal The kidneys weighed 200 grams each Microscopic ex- 
amination showed passive congestion of the lungs, hver and kidneys The 
heart muscle and coronary vessels were normal The pulmonary artery 
showed shght diffuse thickemng of the mtima and the media showed some 
loss of elastic tissue 

Cose 4 MS, female, aged 30 Onset of nght dorsal kyfhoscoUosts 
at the age of IS Dyspnoea on exertion Death in respiratory failure 72 
hours after operation for branchiogenetic cyst 

This 30-year-old unmarried Amencan girl entered the hospital on March 
5, 1936 for the removal of a branchiogenetic cyst that had been m the left 
neck for se\eral years She had always been a frail girl, the sixth m a 
family of eight, and about the age of 18 the deformity of the spme began 
This was not Improved by wearing casts and appliances Her weight ne\ er 
exceeded 85 pounds and her height was 5 feet S inches The examiner 
described a very thin girl with a marked nght mid-dorsal kyphoscohosis 
In his opinion the heart was normal although the chart shows the pulse 
rate vaned between 90 and 108 for the two days before operation The 
blood pressure was 115/80 

On March 6, after a pre-operative medication of morphia gr i, she was 
ancslhctixed for 48 mmutes using 210 c c. of ether m a gas-oiygen-ether 
mixture Dunng this time the cyst was removed from the left neck and 
the anesthetist commented that the respuations were shallow and irregular 
Dutmg the night after operation the patient twice received morphia, gr 
1, and at 7 00 A hi on March 7th she was found almost dead of respiratory 
failure. The pupils were pin point She was given stimulants and made 
to breathe a mixture of oxygen and carbon dioxide Further morphia was 
forbidden She continued in a precarious state, in the next 48 hours the 
pulse rate gradually increased to 148, the respiratory rate remained about 
28 and she died 72 hours after the operation, evidently in pulmonocardiac 
failure precipitated by morphine Unfortunately no laboratory studies of 
importance were done An autopsy was not permitted 
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Case 5 M N , fentale, aged 25 Right mid-dorsal kyphoscoliosis from 
poliomyelitis Onset of 8 years and appearance of fatigue, dyspnea and 
fainting attacks 13 years later Gradual increase in symptoms with orthop- 
nea and persistent tachycardia 

A 25-year-old single girl who bad poliomyelitis at the age of 8 years 
Although she had been kept m bed for one year and then allowed up only 
when weanng a spine brace, a gradual deformity developed and by the age 
of 13 she had a severe nght mid dorsal kyphoscoliosis The nght arm had 
been completely paralysed and the left leg was atrophied and shortened 
She walked with difficulty due to equmus deformity of the feet Despite 
these handicaps she had been able to do hght house work until the age of 
21 when she first noted fatigue and sudden feehngs of great weakness 
Several times she had qmetly fainted These famtmg attacks mcreased 
in number and she often had to he flat for rehef Lymg on her left side 
caused palpitation and discomfort She complamed so much that an or- 
thopedic surgeon thought that she had an anxiety neurosis and referred 
her to the psychiatnc chmc m the outpatient department in May, 1936 

In June, 1936, she was taken to the laboratory for the tests hsted m the 
tables and while recumbent and after breathmg 12 per cent oxygen for a 
penod of 12 rmnutes she became cj^anotic, pulseless and comatose After 
a few seconds a feeble slow pulse returned and she very gradually recovered 
Further tests were abandoned and she rested at home imtil July 3, when 
she entered the orthopedic service for an operation for fusion of the nght 
wnst and tendon transplants This was done m 2 hours under avertin 
and gas-oxygen-ether anesthesia with preoperative nembutal and atropme 
Recovery was uneventful except that she contmued with a tachycardia of 
100 to 110 and a mild dyspnea that was eased by sleepmg on 2 pfllows 

When last seen on January 8, 1938, she was about the same, having only 
occasional attacks of weakness that were reheved by lymg down 

Physical exammation showed an imdemounshed, sallow and rather 
listless gul with a severe, nght, dorsal kyphoscoliosis that had produced 
marked deformity of the thoraac cage causmg the left nbs to be pushed 
deep mto the pelvis The heart did not seem enlarged and the sounds were 
rapid, regular and of fair quahty The blood pressure was 118 systohc 
and 80 diastohc There were no signs of congestive failure Fluoroscopic 
exammation of the chest on April 6, 1937, showed the heart m the middle 
of the chest and it appeared enlarged to the nght and wide m the antero- 
postenor diameter, the nght diaphragm showed an excellent excursion 
while the left moved very httle An electrocardiogram showed a normal 
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rhythm, rate 110, the only abnormahty was the absence of the Q wave m 
Lead W The difficulty of determining accurately the posiUon of the heart 
makes Lead IV of doubtful value m these cases. 

Cased L S , male, aged 17 Right and mtd-dorsal kyphoscolwsts from 
poUomyehtis Onset at age of 13, rapidly progressne ssnth compression of 
l^t cliesi Dyspnea, tachycardia and fatigue appeared at age of 15 

This 17-year-old boy was well until the onset of pohomyeliUs at the ago 
of 11, then he was in the Children's Hospital for 2 months In the 2 years 
alter this illness he developed a nght sided, high dorsal and cervical k>- 
phoscohosis that nas httle helped by the wearing of braces The left 
shoulder, arm and hand became atrophic and weak In 1933, 3 years 
after the piohomj'ehtis, he was transferred to the Massachusetts General 
Hospital and in March, 1934, a spmal fusion was earned out Djspnea 
had troubled him as the scoliosis progressed and it was quite severe b) the 
winter of 1936 A second flight of stairs would cause distressmg shortness 
of breath No palpitation, edema, asthma, fainUng attacks or cyanosis 
had been noted. In recent months he prefers to remain m the house, much 
of the tune on a couch 

Physical examination shoned a fauly well nourished, tall young man who 
had a marked degree of right dorsal kyphoscohosis with subsequent de- 
formity of the left chest so that it was flattened and tilted with the lower 
nbs restmg in the pelvis on the left side He breathed rapidl> and largely 
with the aid of the abdommal muscles, there was very little excursion of 
the nbs The neck veins uere not promment The heart measured 8 
cm to the left in the 4th and 5th interspaces and 4 cm to the nght of the 
sternum The blood pressure was 132 systolic and 90 diastohc The 
sounds of the heart were regular, rate 88, and rather forceful with the aortic 
and pulmomc second sounds of equal intensity No murmurs were heard 
On lying down the pulse rate dropped suddenlj to 68 and he was more 
comfortable The chest was rotated to the right and the left chest was 
flattened while the right postenor chest bulged out m a sharp angle In- 
spiration was earned out largely with the diaphragm and with each breath 
the nght chest wall suddenly fell mward Percussion over the right chest 
was resonant and the breath sounds were normal Over the compressed 
left chest percussion was impaued, the breath sounds were diminished and 
occasional sibilant rhlcs were heard The abdomen was remarkable only 
for its muscular development. 

On August 4, 1936, fluoroscopy showed a rapid heart action, rale 100, 
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and definite enlargement of the nglit side of the heart, there was httle rota- 
tion and the heart was m rmd chest An electrocardiogram taken at this 
time showed a normal tracmg When last seen on May 19, 1937, his con- 
dition was about the same and he remarked that he was sleepmg better 
without pillows The arm to tongue circulation time (sodium dehydro- 
cholate) was found to be 12 seconds 

Case 7 W C , male, aged 38 Right mid-dorsal kyphoscoliosis from 
probable poliomyelitis Onset of deformity at 18 years Asthma at 30 and 
later palpitation, dyspnea, orthopnea and fainting attacks on exertion 

A 38-year-old furmture mover who had been normal until the age of 18 
when, without known illness, his spme began to curve to the nght Bis 
curvature progressed so that m a few years he had a marked kyphoscoho- 
sis between the 5th and 11th dorsal vertebrae He contmued to lead a 
vigorous life until the age of 30, when he began to cough and soon had 
asthma D 3 fspnea was also present and severe asthmatic attacks troubled 
him each week Cyanosis of the face was observed dunng these attacks 
He contmued m this state for several years, obtaining only temporary rehef 
from adrenahn of which he said he took as much as 8 cc m a single mght 
The cough became loose and he raised mucoid-yellowish sputum At the 
age of 36 he first noted palpitation and the followmg year he had his first 
attack of dyspnea, cyanosis and loss of consaousness These episodes 
were brought on by moderate exertion and were not reheved by the adren- 
ahn After a few of these expenences he gave up walkmg even short dis- 
tances so that m the last 2 years there have been fewer attacks In the 
last 10 years he has had pneumoma 3 times on the nght side and each tune 
the disease has been more severe 

Ph 3 ^ical exammation showed a short, powerfully built man with a 
marked nght mid-dorsal kyphoscohosis that deformed the thoraac cage by 
tdtmg and compressmg the left chest so that the lower nbs were below the 
ihac crest. The antenor chest wall was mcreased m diameter and there 
was defimte bulgmg of the lower nght chest The vems of the neck, face, 
arms and trunk were promment The lungs were resonant but the sounds 
were dimmished with occasional sibilant rales The heart outhne was 
enlarged shghtly, bemg 9 cm to the left m the 5th mterspace The nght 
border of dullness was at the nght sternal border The sounds were rapid, 
100-110, regular and of rather poor quahty The second puhnomc sound 
was accentuated The pomt of maximum impulse was ]ust below the 
xiphoid The blood pressure was 96 mm systohc and 66 diastohc 
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Fluoroscopic examination of the heart and lungs on August 8, 1936, 
showed definite enlargement of the heart, particularly in the region of the 
right ventncle and auncic The rate was rapid and the pulsations of the 
heart were diminished in amphtude An electrocardiogram at this time 
showed no abnormahties 

Case 8 J G, female, aged Rtghi dorsal kyphoscoliosis Polto- 
mythUc Onset of deformity at 8 years and process complete by the age of 17 
Dyspnoea on exertion for 10 years Nocturnal attacks of smothering and 
precordud distress for two years 

An unmarried Italian American girl of 27, whose family first noted that 
she earned the right shoulder higher than the left at the age of 8 Despite 
frequent visits to the out-patient department of the Massachusetts General 
Hospital and the wearing of casta and braces her deformity mcreased so 
that by the age of 17 the process was complete She was left with a marked 
nght, high dorsal kyphoscohosis, left lumbar scobosis and marked rotation 
of the chest with the ribs on the left pushed mto the pelvis Increasmg 
pam over the crest of the left flium and shortness of breath led her to return 
to the hospital at the age of 24 At that tune she was sent into the hospital 
and on April 24, 1934, a fusion of the lumbar vertebrae was performed 
Convalescence was uneventful and she remamed fairly comfortable m 
hyperextension When exarmned her blood pressure was 126 systobc and 
86 diastobc and her pulse rate was 88 The second pulmomc sound was 
slightly accentuated. On May 15, under avertm gas-oxygen anesthesia, 
a fusion from the seventh cervical to the eleventh dorsal vertebrae was 
earned out. Throughout the operation the pulse rate increased steaddj , 
reaching over 130, and the blood pressure fell too low to read so that at 
the end of the second hour she was In shock, necessitating a transfusion 
Recovery was gradual, the chart showing a prolonged penod of tachj cardia 
She was discharged June 1 to a com nlesccnt home and there remained in a 
plaster shell for three months 

An electrocardiogram on January 31, 1936, showed a normal rhythm, 
rate 90, with a normal Lead IV The v ital capacity on the same day was 
checked at 800 c.c. 

When next eiammed, Apnl 19, 1937, she complamed of continued at- 
tacks of dj'spnoea on exertion and about every week or two she had been 
awakened by attacks of a smothering sensation imd sev ere precordial dis- 
tress There had been occasional palpitations and a rapid heart action 
had been noted a few times in the evemngs There had been no edema. 
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cough or famtmg The spinal fusion had fixed her position so that the 
nbs no longer painfully projected into the pelvis The examination showed 
she was four feet, five and three quarters inches m height and weighed 
mnety pounds She had a severe, nght, high dorsal Lyphoscohosis, left 
lumbar scohosis and rotation of the chest to the nght There were scars 
of the operations over the vertebrae The chest was clear except for a few 
crepitant rales over the nght base The heart sounds were regular, rate 
80 and of fair quahty without murmurs The second puhnomc sound was 
accentuated, equalhng the second aortic sound The heart sounds were 
well heard over the left back The blood pressure was 128 mm systohc 
and 90 mm diastohc There was mild dyspnoea with a respiratory rate 
of 24 

Fluoroscopy showed clear lung fields and a heart shadow that seemed at 
the upper hmits of normal m size On expiration there was marked ele- 
vation and mcrease in the transverse diameter of the heart shadow The 
venous pressure was normal (7-8 cm of blood-direct method) The arm 
to tongue circulation time with sodium dehydrocholate was 13 and 14 
seconds (normal) The ether time was 7 seconds (normal) 

Case 9 R B , an 18-year-old single school boy nnth a severe funnel chest 
and low nght dorsal and lumbar kyphoscoliosis Limited activity with 
dyspnoea and tachycardia for one year 

This 18-year-old Amencan school boy was well until about the age of 
five years when it was first noted that he had a funnel chest, presumably 
from nckets He also suffered at this early age from frequent colds and 
asthma and had a suppurative ademtis of the left neck At the age of six 
years a nght dorsal scohosis was just noticeable At that time the ex- 
aimnation showed a rapid heart rate with a soft systohc murmur His 
vital capacity was then 800 cc For several years he was given postural 
and breathmg exerases and a back brace was worn These measures 
caused no appreciable improvement and by the age of thirteen he had a 
marked funnel chest and a severe nght dorsal and lumbar kjqihoscohosis 
At the age of 15 it was detemnned that he had only seasonal hay fever due 
to ragweed He contmued to be troubled with colds and occasional 
bronchitis 

By the age of sixteen his kyphos had increased and pam at the apex of 
the deformity caused him to return to the hospital Because of this pain 
a fusion from the second lumbar to second sacral vertebrae was earned 
out on February 18, 1935, under gas-oxygen-avertm anesthesia He 
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Stood this procedure very well His vital capaaty then measured 2100 
c c At this time Dr E D Churchill examined hun and felt that he had 
no cardiac comphcation as his heart lay well to the left and was not pinched 
between the sternum and the spine. 

He led a fairly active hfe, graduatmg from high school m 1937, and his 
asthma troubled him very httle However, for the past ) ear he has been 
rather listless, preferring to sit at home and read Dyspnoea on e.xertion 
has been mild. He sleeps well without a pQlow 

When last seen September 22, 1937, he was less active than usual and 
was noticeably short of breath on walLmg Physical examination showed 
a rather pale young mnn with a deep excav ation of the sternum and a high, 
right, dorsal kyphoscohosia with a marked compensatory left lumbar scolio- 
sis By fluoroscopy the heart laj entirely to the left of the sternum and in 
a nearly honsontal position Its action was vigorous and rapid, with a 
rate of 120, and the nght side did not appear to be enlarged The heart 
sounds were regular and rather forceful with marked accentuation of the 
second pulmonic sound The blood pressure was 108 systohc and 84 dias- 
tolic. The lungs were clear except for a few crepitant rales over the right 
base which was the area of greatest compression After resting, the vital 
capaat> was 1900 cc An electrocardiogram was taken and showed a 
smo-auncular tachycardia, with a rate of 120, the T wave was diphasic in 
all leads and there was shght axis deviation The left axis deviation had 
appeared since the previous tracmg in August 1936 He was then made to 
walk up two flights of stairs and his pulse rate increased to 160 and respira- 
tion to 32 After two mmutes rest the pulse was 138 He was defimtely 
fatigued by this shght exertion 

Case 10 A P , female, aged 49 Right dorsal kyphoscoliosis, ? poho- 
mycltltc Onset of deformity in childhood Active life bearing S children 
Onset of fatigue and some dyspnoea after the age of 45 

A 49 year-old mamed housewife with a severe nght dorsal kyphoscolio- 
sis that had been acquired in her childhood The curvature involved chiefly 
the 7th to the lOth dorsal vertebrae She had been well and active, bear- 
ing eight children of whom five are hvlng and well Her chief complaint 
was fatigue, weight loss and having some dj'spnoea on exertion or emotion 
There had been no cyanosis, palpitation, edema or pain On one occasion 
in the past she had a mild bronchopneumonia 

rhj'sical examination showed an active, middle aged woman in no dis- 
tress, but with a severe, high, dorsal k>phoscollo5is The heart was dilB 
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cult to outlme, but the left border of dullness seemed to he 6 cm to the left 
m the 5th interspace The nght border of dullness was 4 cm to the left m 
the 6th mterspace The heart sounds were slow, regular and of good qual- 
ity without murmurs The second aortic sound was accentuated The 
blood pressure was 126 systohc and 86 diastohc Although the angulation 
of the spme was to the right, there was httle compression or distortion of the 
left chest The lungs were resonant but a few crepitant rales were heard 
at the nght base 

Fluoroscopic examination of the chest on August 7, 1936, showed no 
evidence of cardiac enlargement. The heart was m good position and 
the contours of the nght side appeared normal An electrocardiogram 
showed ventncular premature beats, rate 95, shght left axis deviation 
The T wave m lead 1 was flat and the Q wave m lead 4 was present 

This patient contmues an active life about her home and her symptoms 
may be secondary to her econonnc status 

Case 11 IP, female, aged 22 Left dorsal kypltoscohosis after polw- 
myditis Onset at 10 years and deformity complete at 20, since then dyspnea, 
fatigue and weakness Pneumonia in compressed lung 

An unmarried Swedish Amencan girl, 22 years old, who had been well 
until the age of 8 when she had pohomyehtis About 2 years after this 
event a mild left dorsal scohosis developed This was structural in type 
but despite the long use of corrective jackets and casts the deformity m- 
creased until by the age of 20 she had a severe left dorsal kyphoscohosis 
with the trunk twisted and tilted to the left From the age of 20 
to 22 she had dyspnea on exertion but there was no palpitation, cough, 
precordial pam or edema However she remarked that she could sleep 
comfortably without a pillow 

Phy^cal exammation showed an imdemounshed but bnght faced gurl 
sittmg up m no distress but her breathmg was rapid and almost entirely 
diaphragmatic m type There was no cyanosis, cough or clubbmg of the 
fingers There was a marked defomuty of the chest The entire dorsal 
spme was angulated toward the left and the left chest was flattened and 
compressed and over the left base rales were heard The heart outhnes 
could not be made out but the sounds were rapid, 96, regular and of fair 
quahty The second pulmonic sound was rough and markedly accentuated 
The blood pressure was 98 systohc and 70 diastohc The remamder of the 
ex amin ation was not remarkable 

An hour after the tests hsted m the tables she complamed of great weak- 
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ness and quietly fainted She was m a grave state with pallor and brad>xar- 
dia and was semi comatose for over an hour She was taken to the hospital 
and gradually recovered in 24 hours but she was eiccedmgly faUgued for 
several days thereafter In January and February, 1937, she was ill at 
home with a left sided pneumoma and convalescence from this was verj 
slow She attends the Industnal School for Cnppled Children but is so 
i\ put that she often spends most of the day on a couch 

Fluoroscopic duuninatioa of the chest showed slight but definite cn 
largement of the right heart that was best seen in the oblique new The 
diaphragms moved fairly well, the nght being flattened An electrocardio- 
gram showed a normal rhythm, rate 110 and the onlj abnormalitj was a 
1 ery slight left ajas deviation 

Core 12 TV D , male, a^ed 31 Left mid-dorsal kyphoscoliosis after 
pdliomydiiis Onset of deformity at S years Deformity complete by age 
of 20 Leads a quiet life valh little dyspnea, no compression of left chest 
Compared with normal twin brother 

A 31-year-old man who had pohomyehtis at the age of 8 j ears and subse- 
quently developed a left sided mid-dorsal scokosis with rotation of the 
chest to the right and compression of the nght lower thorax He continues 
to wear a brace. At the age of 21 a fusion from the seventh cervical to the 
eighth dorsal vertebrae was performed m the hope of arrestmg the deform- 
ity However it has slowly mcreased, leaimg lum with a seiere left sided 
Lyphoscohosis There was atrophy and weakness of the left arm and hand 
He had no complamts and insisted that he could climb 6 flights of stairs 
without undue dyspnea Howeier he leads a very mactivc life and his 
family complam that he always sits about mdoors 

Physical examination showed a healthy nppeanng young man of good 
color and with the deformity described above. The left chest seemed to 
be increased in size due to elevation of the left shoulder and increase in 
the antero-postenor diameter The left border of cardiac dullness was 
about 6 cm from the mid-sternal hne The heart action was rapid, 100, 
and regular, and the sounds were of good quahty with a faint systolic 
murmur heard at the apex The second pulmonic sound was accentuated 
The blood pressure was 1 10 systohe and SO diastohc. The chest was clear 
and resonant except for a few rales at the right base Fluoroscopic ex 
amination showed a normal sized heart m mid-chest posiUon An dectro- 
cardiogram taken on Feb 11, 1936 showed a normal rhy thm, rote 96, and 
a slight right axis deviaUon The remamder of his studies appear in the 
tables. 
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SULPHUR THERAPY IN ARTHRITIS 
With a Review oe the LrrEEATURE* 

BERNARD I C»MROE, M D 

InsirudOT in Mtitctne, ifedUal Qtnte of the Unhomiy of Pennsyivama 

During the past five years, a wave of sulphur therapy has inundated 
the field of the rheumatic diseases It has been suggested that because 
of the mcreascd demands for sulphur by the bodyfor detoxication of 
mjunous metabolites, the organism is m negative sulphur balance 
Investigators have suggested that the lowered cystine content of the 
nails m arthritis is a manifestation of this Accordmgly, sulphur has 
been given in various forms (orally, parenterally, as baths, (60, 65) 
omtments, etc) as an adjuvant m the treatment of some of the rheu- 
matic diseases Varying success has been reported by chniaans with 
this form of therapy It is my purpose to review the hterature and 
present some results of five years jiersonal expenence with sulphur 
therapy in clmical and experimental fields 
Sulphur IS an anaent medicmal agent. Phny (28) used it m a 
number of diseases Among the early Greeks, it was called ''Ther- 
lou,” or divine (55), to waters containing it benefiaal effects were 
ascribed (34) “Sulphur and molasses” is an old household remedy 
for rheumatic diseases and a spnng tonic. Alchemists employed it in 
theu attempts to transmute metals mto gold and silver (72) It has 
value in agnculturc and horticulture in oidmg growth of vegetation 
and in checkmg parasites 

The introduction of a colloidal sulphur preparation (15) in 1888 was 
followed by extensive investigation of this product (51, 45A) Col- 
loidal sulphur was first used in the treatment of arthritis by French 
and German climcians (45, 47) It was later suggested on expen- 
mental evidence (6, 8, 80, 69A) that the arthntic mdividual had a 
disturbed sulphur metabolism Recently the cystine content of the 

* ^ by ft gixnl from the Focully Research Committee. 
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finger nails has been reported markedly reduced m patients with 
arthritis This has increased the use of sulphur in arthritis 

Sulphur metabolism m the normal individual has been well re- 
viewed by various workers (56, 36, 37, 16, 24) The data concermng 
sulphur metabohsm m common diseases (pneumoma, diabetes, 
nephritis, syphihs, goiter, acute infections, etc) are meager A 
generalized sulphur deficiency has been suggested m pellagra with 
extensive dermatitis and m rheumatoid arthritis, based chiefly upon a 
lowered cystine content of the finger nails m these conditions, if so, 
it has not been detemuned whether there is an increased reqmrement, 
decreased absorption from the mtestme, mcreased destruction of 
sulphur or disturbed assimilation of sulphur in the body It has also 
been suggested that there is a deficiency of sulphur m joint tissues 
(40) and that the chondroitm sulphunc aad m the jomt cartilages of 
the patient with rheumatoid arthritis may be dimimshed 

PHARMACOLOGY 

Sulphur IS msoluble m water, nearly msoluble m alcohol, shghtly 
soluble m fat solvents and oils and freely soluble (up to 45 per cent) in 
carbon disulphide It may be absorbed through the intact skm (55) 
for there was a marked mcrease (87 per cent) in the total sulphur 
content of the^blood serum 12 hours after the apphcation of 10 grams 
of sulphur omtment (USP) to the skm (48) The sulphur content of 
the blood was also increased by sulphur baths (53) Sulphur baths 
(55) and naturally occumng hot sulphur sprmgs have long been em- 
ployed by sufferers from arthritis with reported benefit 

Claims for beneficial pharmacological action of sulphur m arthritic 
patients are vague It has been suspected that (71) sulphur con- 
tained m orgamc compounds, such as cystine, cysteme and gluta- 
thione may act as a detoxicatmg agent m the body and it is known that 
glutathione “plays an important r61e m cellular respiration, oxidation 
and reduction and m the stimulation of enzymotic activity ” The 
sulphur in glutathione is rather easily liberated, and it has been sup- 
posed that a function of this compound may be the hberation of active 
sulphur to detoxicate injurious matenal However, the glutathione 
content of the blood was within normal limits (64) m rheumatoid and 
osteo-arthritis, m bursitis and m penarthntis 
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Certain mjunous substances when combined with sulphur become 
less tone and are ehminated m combination with it For example, the 
mtestinal poison indole is oxidized withm the body to indoxyl, which 
IS then combmed with sulphur and excreted as indican 

Sulphur, hke oxygen, has a powerful affimty for many other ele- 
ments With valences varymg from 2 to 6, it has a high combming 
power It has been suggested that certam therapeutic eSects of 
sulphur result from the sphttmg up of polysulphides mto elementary 
sulphur at foa where localized inflammation exists This may be due 
to a higher concentration of hydrogen ions at the site of an inflam- 
matory process 

The cystine content of the finger nailB has been found decreased in 
patients with rheumatoid arthritis and increased toward normal 
followmg improvement under sulphur therapy It has been sup- 
posed that an intoxication draws on the sulphur of the body and with- 
draws It from Its normal locabons (such as the nails) The mcrease 
of cystme in the nails in arthritic patients after sulphur therapy has 
been taken as evidence that the body needed sulphur either to com- 
bine with the mjunous matcnal or to stimulate the general defense 
mechamsm of the body 

There is some indirect evidence (26) that sulphur mcreases the 
catabolism of protems withm the body The effectiveness of colloidal 
sulphur m arthntis has been attnbuted by some to changes m ill- 
defined metabohe processes rather than to any direct local effect on 
the inflamed tissues 

Others consider the results obtained by parenteral sulphur therapy 
as entirely non speafic in nature and the effect of the slight fever and 
leukocj'tosis which may follow such injections Inasmuch as some of 
the so-called colloidal sulphur preparations contam considerable 
amounts of “protective colloid” protein, this latter may be of im- 
portance m the results obtamed 

When taken by mouth, sulphur frequently increases intestinal 
Jienstalsis (72) and produces softer and more frequent bowel mo\e- 
ments Moat of the sulphur passes unchanged through the bowel 
(49) and is excreted with the feces It readily reacts with proteins 
in alkalme medium produang sulphides which arc baclcnadal, ir- 
ritant, and laxative Inorganic sulphides are active and poisonous 
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agents, even small amoimts m the orculation would be expected to 
imtate the cortex or medulla 

Studies on urmary sulphur excretion m arthritis have been con- 
tradictory In a study of 18 cases of atrophic and 41 of hypertrophic 
arthritis as well as m 20 normal individuals the urmary sulphur ex- 
cretion was normal (67) Others (5, 59) have noted an mcrease m 
the unnary output of sulphur 

A polymorphonuclear leukocytosis was noted (24a, 49) following 
parenteral admimstration of colloidal sulphur both in animals and m 
man A moderate degree of fever has followed (43) the use of certam 
sulphur preparations parenteraUy 

The effects of parenteral admimstration of sulphur have been 
studied in guinea pigs given the drug mtrapentoneaUy, in rabbits m- 
tramuscularly, (42, 57, 78) m dogs mtravenously and intramuscularly 
(78) and m man (39, 42) No evidence of harm has been reported m 
clmical doses The toxicity of parenterally admmistered sulphur 
seems to depend (78) upon its dispersion and upon the speed of the 
mtravenous mjection Toxic effects are due to the rate and amount of 
formation of hydrogen sulphide (8) In gumea pigs (78), the toxic 
dose given mtravenously was 30 to 40 mg per kg , and mtramuscularly 
in oil, 220 mg per kg In rabbits the toxic dose vaned from 6 6 mg 
per kg mjected m 5 seconds to 15 mg per kg injected in 104 seconds 
In dogs, large repeated doses over long penods produced no harmful 
effects 

A more or less mamtamed leukocytosis occurred m rabbits (57) 
receivmg daily injections of sulphur m oil, the leukocytosis began 
several days foUowmg the onset of treatment and persisted as long 
as the treatment was contmued It was due to mcrease m neutro- 
philes The bone marrow of these animals showed marked hyper- 
plasia varymg with the amount of sulphur used, m some cases this 
was evident macroscopically The leukoblastic tissue was most 
affected but eiythroblastic elements and megakaryocytes did not 
entirely escape There was also a defimte dunmution m the number of 
fat spaces and a correspondmg mcrease m cellular elements 

In a number of patients treated with sulphur (57) a shift to the left 
tended to become more marked with repetition of the injections 
Injections of sulphur m oil mtramuscularly (42) produced a high 
fever lastmg for 36 to 60 hours, with a vanable elevation of the pulse. 
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a vasomotor and diaphoretic respionse less marked than in fever from 
typhoid vaccme and a marked polymorphonuclear leukocytosis In 
some instances, leukocytosis -was maximal 24 hours after parenteral 
sulphur therapy (57), whUe m others, leukocytic cnses did not occur 
until after the seventh mjection of sulphur (39) 

No mstance of sensitivity to sulphur was found m three studies of 
patients with skm diseases (46, 48, 51) Anaphylactoid or colloidal 
shock (26, 30) may follow the mtravenous admmistration of colloidal 
sulphur preparations Urticarial and scarlatiniform eruptions (61) 
have followed mtravenous sulphur therapy Exfohative dermatitis 
with recovery has been reported followmg (76) withm 24 hours after 
the first mtravenous mjection of colloidal sulphur The use of sulphur 
pastes m nurslmgs with scabies has resulted m severe disorders and 
even m death (54) Reactions have been noted followmg the use of 
sulphur orally (77A) or by muncUon (SOA) 

Normally there is rarely as much as one per cent of cystme m the 
diet (72) Ten pier cent of free cystme m the diet of rats acted like a 
pxiwcrful pwison (74) producmg marked mjury to the kidney and liver, 
while the addition of 5 pier cent of free cystme to the basal diet pro- 
duced excellent growth In long continued feedmg cxpienraents 
(330 to 360 day's), no renal injury was produced when 1 pier cent of 
free cystme was fed to rats m the diet (the rats bcmg 30 days old at 
the start of the expicnmcnt) 0 3 to 0 9 pier cent of free cystme m the 
diet was nephrotoxic to young rats 60 gm or less but not to rats of 
from 80 to 90 gm 

It has been suggested that the suprarenal gland is concerned in 
normal sulphur metabohsm After removal of the suprarenal capi- 
sule (85) , the sulphur content of the skm rose from 25 to 100 per cent 

The Council on Pharmacy' and Chemistry, of the American Medical 
Assoaation, has not yet accepted (11, 12, 13, 13A) any of the prepara- 
tions of “colloidal sulphur” now on the market “Sulisocol,” "Strep 
tocoll * and “Sulphocol” ha\ c been submitted to the Council but have 
not been found acceptable The Council has stated such a product 
was not acceptable “because of lack of evidence of its therapeutic 
x’alue, smcc such products ha\c been m use for many years without 
having their therapicutic value recognized by the leaders m mcdicmc 
who arc concerned with the treatment of arthritis ” 
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SULPHUR AND CYSTINE CONTENT OE NAILS 

Oral administration of sulphur has been recommended (23, 31) in 
the treatment of dystrophy of the nails The sulphur m the nails, 
as m hair, is almost entirely m protein combmation as cystme (69) 
Cystme contains 26 7 per cent of sulphur 
The sulphur content of the nails m healthy adults averaged (31) 
3 2 per cent (2 9 to 3 6 per cent) In eight patients -with psonasis, 
the sulphur content of the nails averaged 2 46 per cent, the more 
pronounced the nail mvolvement, the lower was the sulphur content 
in this senes In the spoon shaped nails of 5 negroes with pulmonary 
tuberculosis, the sulphur content averaged 2 38 per cent (31), m 5 
patients with chrome rheumatoid arthntis, the sulphur content vaned 
from 2 0 to 2 8 per cent In moperable caremoma with marked 
cachexia, the sulphur averaged 2 6 per cent, a similar figure was ob- 
tained m patients with prolonged fever 
Some workers (31) have concluded that the determmation of the 
sulphur content of the nails is of no value m the study of diseased 
nails Hydrolyzed wool was given orally m the treatment of patients 
with pathologic nails, producing climcal improvement only m patients 
with congenital dystrophy of the nails 

In normal nails, the cystme content accounted for practically all of 
the sulphur of the nail (97-98 per cent (71)) In the nails of arthritic 
patients, the cystme sulphur did not closely parallel the total sulphur, 
and was occasionally much below it In twelve patients with ar- 
thritis, the percentage of cystme sulphur to total sulphur vaned from 
76 to 98 

In normal mdividuals the average cj'stine content of the nails was 
11 7 per cent (71) (varymg from 10 3 to 13 per cent) In patients 
with arthntis, vanous observers (2, 3, 50, 7 1, 83) have noted a decrease 
m the cystme content of the finger nails, m patients with rheumatoid 
arthntis, the (^stme content averaged 9 5 per cent The cystme 
content of the nads has also been found low m pellagra and somewhat 
decreased m pulmonary tuberculosis (35, 75) Cystme decrease 
seems to be a concomitant of chrome lUness m general and not neces- 
sarily of rheumatism (62) 

Measurement of (^stme content of finger nails has been very dis- 
appomtmg m our hands We have exammed the cystme content of 
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the finger nails m several hundred normal individuals, and have made 
repeated detenmnations m more than 100 patients with rheumatoid 
arthntis and 100 with osteo-arthntis, as well as m other forms of 
rheumatic disease 

We have observed that the range of normal vanation is greater than 
reported In 215 normals, there was a normal distribution, about a 
median of 9 7 with a quartde dispersion between 8 8 and 10 6 Fur- 
thermore, although a majority of the patients with rheumatoid ar- 
thntis showed lowered cystme content of the nails, a very large per- 
centage fell within our range of normal controls In addition, lowered 
cystme content was also found in the nails of elderly mdividuals with 
osteo-arthntis and also m some persons without any evidence of 
arthntis The cystine content of the nads did not aid in determimng 
which patients would respond to parenteral sulphur therapy, and m 
some of the patients showmg the greatest chmeal improvement on 
sulphur therapy, the lowered cystine content of the nails did not nsc 
A detailed summary of these observations will form the basis of a 
separate comraumcation 

The methods available for the determination of cystme in the nails 
include the one (73) or six hour (70) Sulhvan methods, the Okuda (52), 
the Fohn (17), the Shmohara (68), etc The accuracy of the Sulliian 
method for cystine determinations in protein hydrolysates in which 
the proportion of cystine to other ammo aads is small has been ques- 
tioned (33) Many reduang agents such as ascorbic aad, adrenalin, 
hydrogen sulphide and compounds produang sulphides under alkaline 
conditions produce low results (1) by the Sullivan method Improv e- 
ments in this method have been suggested (41, 58) The modification 
of the method proposed by Sulhvan in which alkahne instead of 
aqueous sodium cyanide is used minimizes interference 

RESULTS OF SULFlnm THERAPY IN ARTHRITIS 

Most of the reports m the htcraturc on the results of parenteral 
sulphur m arthntis are faiorable One author goes so far as to say 
(79) that in more than 200 patients with atrophic arthntis treated with 
sulphur “cverj case showed excellent climcal improvement, all ex- 
cept SIX were discharged from the hospital with complete arrest of the 
active svmptoms ” Unfortunately, our own results were not as 
favorable as these 
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SULPHUR AETD CYSTINE CONTENT OE NAILS 

Oral administration of sulphur has been recommended (23, 31) in 
the treatment of dystrophy of the nails The sulphur m the nails, 
as in hair, is almost entirely m protem combmation as cystme (69) 
Cystme contams 26 7 per cent of sulphur 
The sulphur content of the nails m healthy adults averaged (31) 
3 2 per cent (2 9 to 3 6 per cent) In eight patients with psonasis, 
the sulphur content of the nails averaged 2 46 per cent, the more 
pronounced the nail mvolvement, the lower was the sulphur content 
m this senes In the spoon shaped nails of 5 negroes with pulmonary 
tuberculosis, the sulphur content averaged 2 38 per cent (31), m 5 
patients with chronic rheumatoid arthntis, the sulphur content vaned 
from 2 0 to 2 8 per cent In moperable carcmoma with marked 
cachexia, the sulphur averaged 2 6 per cent, a similar figure was ob- 
tamed m patients with prolonged fever 
Some workers (31) have concluded that the determination of the 
sulphur content of the nails is of no value m the study of diseased 
nails Hydrolyzed wool was given oraUy m the treatment of patients 
with pathologic nails, producmg dmical improvement only in patients 
with congemtal dystrophy of the nails 
In normal nails, the cystme content accounted for practically aU of 
the sulphur of the nail (97-98 per cent (7 1)) In the nails of arthritic 
patients, the cystme sulphur did not closely parallel the total sulphur, 
and was occasionally much below it In twelve patients with ar- 
thritis, the percentage of cystme sulphur to total sulphur vaned from 
76 to 98 

In normal mdividuals the average cystme content of the nails was 
11 7 per cent (71) (var 3 ang from 10 3 to 13 per cent) In patients 
with arthntis, vanous observers (2, 3,50, 71, 83) have noted a decrease 
m the cystme content of the finger nads, m patients with rheumatoid 
arthntis, the cystme content averaged 9 5 per cent The cystme 
content of the nails has also been found low m pellagra and somewhat 
decreased m pulmonary tuberculosis (35, 75) Cj'^stme decrease 
seems to be a concomitant of chrome illness m general and not neces- 
sarily of rheumatism (62) 

Measurement of cystme content of finger nails has been very dis- 
appomtmg m our hands We have examined the cystine content of 
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the finger nails in several hundred normal mdividuals, and have made 
repeated dctermmations m more than 100 patients with rheumatoid 
arthntis and 100 with osteo-arthntis, as well as m other forms of 
rheumatic disease 

We have observed that the range of normal variation is greater than 
reported In 215 normals, there was a normal distnbution, about a 
median of 9 7 with a quartde dispersion between 8 8 and 10 6 Fur- 
thennore, although a majority of the patients with rheumatoid ar- 
thntis showed lowered cystme content of the nads, a very large per- 
centage fell within our range of normal controls In addition, lowered 
cystme content was also found in the nails of elderly individuals with 
ostco arthntis and also m some persons without any evidence of 
arthntis The cystme content of the nails did not aid m determining 
which patients would respond to parenteral sulphur therapy, and in 
some of the patients showmg the greatest clinical improvement on 
sulphur therapy, the lowered cystme content of the nails did not nsc 
A detailed summary of these observations wUl form the basis of a 
separate communication 

The methods available for the detcrmmation of cystme m the nails 
include the one (73) or six hour (70) Sulhvan methods, the Okuda (52), 
the Fohn (17), the Shinohara (68), etc. The accuracy of the Sullivan 
method for cystme determinations m protein hydrolj sates m which 
the proiwrtion of cystme to other ammo aads is small has been ques- 
tioned (33) Many reducing agents sUch as ascorbic aad, adrenalin, 
hydrogen sulphide and compounds producing sulphides under alkaline 
conditions produce low results (1) by the Sulhvan method Iraproi c- 
ments in this method have been suggested (41, 58) The modification 
of the method proposed by Sulhvan m which alkahne mstcad of 
aqueous sodium cyanide is used minimizes mtcrferencc 

RESULTS or SULPHUR THERAPY IN ARTHRITIS 

Most of the reports in the htcraturc on the results of parenteral 
sulphur in arthntis ate faYtirable One author goes so far as to say 
(79) that m more than 200 patients with atrophic arthntis treated with 
sulphur “cccry case showed excellent dmical improicment, all ex- 
cept SIX w ere discharged from the hospital with complete arrest of the 
actnx s>mptoms” Unfortunatclj , our own results were not as 
tax orable as these 
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Good therapeutic results have been reported by various workers 
(2, 32, 50, 27, 4, 66, 45, 61, 79, 80, 83, 84, 7A, 9A, 23A, 45B, 62A, 76A) 
employing mtramuscular or mtravenous injections of sulphur in 
arthritis Some of these results are as follows 

1 Hawls, Gruskm and Ressa (61) In 20 patients with rheuma- 
toid arthritis whose cystme content of the nails was under 12 per 
cent, 60 per cent were improved, m 13 patients with rheumatoid 
arthritis with a nail cystme content of 12 per cent or above, only 
23 per cent were improved In 28 patients with a mixed form of 
arthnbs and with a subnormal nail cystine, 57 per cent were im- 
proved, m 13 such cases with a normal cystme content (above 11 
per cent) only 31 per cent were benefited In 19 instances of osteo- 
arthntis with subnormal nail cj^stme, 63 per cent were improved 
while when the cystme content was normal, only 14 per cent were 
aided Thus, it may be noted that regardless of whether the in- 
dividual has rheumatoid, osteo-, or a mixed form of arthritis, 
sulphur therapy was equally beneficial provided the cystme content 
of the nails was subnormal In the 33 patients whose cystine con- 
tent was normal, only 24 per cent were benefited by sulphur therapy 
In some of these patients whose cystme content was markedly sub- 
normal at the begmnmg of treatment, this was raised to within 
normal hmits at the end of the treatment without any improvement 
in the arthritis 

In these patients no other treatment was given than colloidal 
sulphur m doses varymg from 20 to 30 mg twice weekly, mtra- 
venously or mtramuscularly Some of their patients did not toler- 
ate the larger doses The authors also treated a control group of 
25 patients, consistmg of 8 mdividuals with rheumatoid arthntis, 
7 with osteoarthritis and 10 with mixed arthntis with placebo 
medication, such as mtravenous mjection of Rmger’s solution 
The number of patients benefited by such placebo medication was 
not mentioned although it was stated that there was no significant 
change m the non-filament cell count or m the mean sedimentation 
rate foUowmg placebo therapy In patients given parenteral 
sulphur, the mean sedimentation rate was 23 5 mm before and 
16 9 mm after treatment while the mean non-filament cell count 
was reduced from 16 1 per cent to 13 9 per cent 
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These authors found almost no correlation between the sedimen- 
tation rate and cystmc content of the nails m this group of patients 
Such studies were made m 200 cases so that the results should be 
more conclusive than those of Argy (3) who studied only 23 cases 
and reported that “at least on the average, an mverse ratio between 
cystme content of the finger nails and sedimentation reaction of the 
blood does east m arthritis ” 

2 Clark (9) used relatively large doses (averagmg 600 mg per 
course) of colloidal sulphur intravenously m the treatment of 20 
selected cases of mixed and hypertrophic arthritis, averagmg 53 
years m age “All of the cases were objectively improved as 
judged by subsidence of swelhng, rebef of muscle spasm, decrease of 
thickemng of jomt capsule (where palpable), disappearance of any 
increased local temperature, decrease in tenderness, mcrease m, or 
return to normal range of motion, and decrease m deformity ” 
No untoward reactions were noted m any of these cases However, 
in addition to sulphur therapy, other methods of treatment were 
also earned out m these patients, mdudmg attention to focal m- 
feebon, gastro-mtestmal elimination, body mechanics, decreased 
carbohydrate mtake and sahcylates and Iodides early m the therapy 
The usual mdividual dose of sulphur averaged 60 mg and was 
given at 2 or 3 day mtervals 

3 'Woldenberg (84, 82, 81) found that 78 per cent of his patients 
with arthntis when treated parenterally with sulphur became free 
from pain after 5 or 6 mjections, the muscular spastiaty began to 
disappear and the jomt effusion became less and after 3 or 4 weeks 
disappeared This author used as much as 30 mg of sulphur in- 
travenously each day on 10 successive days if the arthntis was of 
a severe type, of long standmg with a rapid sedimentation rate and 
with low nail cystine He found sulphur therapy of equal value m 
chronic and m acute cases of arthntis as long as pain, swellmg, 
effusion and spasticity of muscles were present. He obtained 
better results in the atrophic rather than in the hypertrophic type 
of arthntis The number of patients treated numbered over 200 
and, m addition to the sulphur therapy, his patients were treated 
by eradication of focal infection, laxatives, a high vitamin, low 
protem diet and daily physiotherapy 
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Good therapeutic results have been reported by various workers 
(2, 32, 50, 27, 4, 66, 45, 61, 79, 80, 83, 84, 7A, 9A, 23A, 45B, 62A, 76A) 
employing mtramuscular or mtravenous mjections of sulphur m 
arthritis Some of these results are as follows 

1 Hawls, Gruskin and Ressa (61) In 20 patients with rheuma- 
toid arthritis whose cystme content of the naUs was under 12 per 
cent, 60 per cent were improved, m 13 patients with rheumatoid 
arthritis with a nail cystme content of 12 per cent or above, only 
23 per cent were improved In 28 patients with a mixed form of 
arthritis and with a subnormal nail cystme, 57 per cent were im- 
proved, m 13 such cases with a normal cystme content (above 11 
per cent) only 31 per cent were benefited In 19 mstances of osteo- 
arthritis with subnormal nail (ystme, 63 per cent were improved 
while when the cystme content was normal, only 14 per cent were 
aided Thus, it may be noted that regardless of whether the m- 
dividual has rheumatoid, osteo-, or a mixed form of arthritis, 
sulphur therapy was equally beneficial provided the cystme content 
of the nails was subnormal In the 33 patients whose cystme con- 
tent was normal, only 24 per cent were benefited by sulphur therapy 
In some of these patients whose cystme content was markedly sub- 
normal at the beginning of treatment, this was raised to within 
normal limits at the end of the treatment without any improvement 
m the arthritis 

In these patients no other treatment was given than colloidal 
sulphur m doses varymg from 20 to 30 mg twice weekly, mtra- 
venously or mtramuscularly Some of their patients did not toler- 
ate the larger doses The authors also treated a control group of 
25 patients, consistmg of 8 mdividuals with rheumatoid arthritis, 
7 with osteoarthritis and 10 with mixed arthritis with placebo 
medication, such as mtravenous mjection of Rmger’s solution 
The number of patients benefited by such placebo medication was 
not mentioned although it was stated that there was no significant 
change in the non-filament cell count or m the mean sedimentation 
rate foUowmg placebo therapy In patients given parenteral 
sulphur, the mean sedimentation rate was 23 5 mm before and 
16 9 mm after treatment while the mean non-filament cell count 
was reduced from 16 1 per cent to 13 9 per cent 
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These authors found almost no correlation between the sedimen- 
tation rate and cystine content of the nails m this group of patiente 
Such studies were made m 200 cases so that the results should be 
more conclusive than those of Argy (3) who studied only 23 cases 
and reported that “at least on the average, an mverse ratio between 
cystme content of the finger nails and sedimentation reaction of the 
blood does exist m arthntis ” 

2 Clark (9) used relatively large doses (averagmg 600 mg per 
course) of colloidal sulphur mtravenously m the treatment of 20 
selected cases of mixed and hypertrophic arthntis, averagmg 53 
years m age “All of the cases were objectively improved as 
judged by subsidence of swelhng, rehef of muscle spasm, decrease of 
thickenmg of jomt capsule (where palpable), disappearance of any 
mereased local temperature, decrease m tenderness, mcrease in, or 
return to normal range of motion, and decrease m deformity ” 
No untoward reactions were noted in any of these cases However, 
in addihon to sulphur therapy, other methods of treatment were 
also earned out m these patients, mcludmg attenhon to focal in- 
fection, gastro-intestinal elimination, body mechames, decreased 
carbohydrate mtake and sahcylates and iodides early m the therapy 
The usual mdividual dose of sulphur averaged 60 mg and was 
given at 2 or 3 day mtervals 


3 Woldenberg (84, 82, 81) found that 78 per cent of his patients 
with arthntis when treated parenterally with sulphur became free 
from pain after 5 or 6 mjections, the muscular spastiaty began to 
disappear and the joint eSusion became less and after 3 or 4 weeks 
disappeared This author used as much as 30 mg of sulphur m 
travenously each day on 10 successive days if the arthntis was of 
a «vere type, of long stmding with a rapid sedimentation rate and 

better results m the atronhir fi, He obtamed 

of arthntis The number of mi ^ Jiypertrophic type 
cmd, m addihon toTe^ptn^^^ ovdr 200 

by eradicahon of focal mfechon w’ ^ ^e^e treated 

protem diet and daily physiol er^p^ 
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4 Wheeldon and Main (78, 79) In a study of SO patients with 
arthritis (25 atrophic and 25 hypertrophic), these authors reported 
concerning sulphur therapy “it can be said that every case un- 
proved subjectively in spite of the fact that all the cases were chosen 
because, up until that time, they had not improved under the usual 
accepted treatment No patient expressed any desue to discon- 
tmue the treatment because of discouragement, and at the end of 
the experiment practically every patient asked that this medication 
be contmued because of the improvement he or she felt had already 
been gamed ” After a study of 892 cases of atrophic and hyper- 
trophic arthritis, Wheeldon felt that improvement “m the subjec- 
tive symptoms and objective signs may be expected following treat- 
ment with coUoidal sulphur ” 

5 Krestin (England) (32) treated 50 cases of chronic non-specific 
arthntis with sulphur Injections were given intramuscularly 
every 5 or 6 days Five of the patients refused to continue treat- 
ment after the first or second mjection Unfortunately, his patients 
were not well classified and no control group was used He felt 
that improvement appeared when there was consistent occurrence 
of pyrexia and leukocytosis and he postulated general stimulation 
of metabohc processes and of defense mechamsms Good results 
were obtamed m 45 per cent of the group, considerable recovery m 
22 per cent, partial recovery in 20 per cent and no improvement m 
12 per cent In about one-fourth of the cases m which defimte 
improvement occurred after treatment, symptoms subsequently 
returned, although the relapsed condition was always less severe 
than that preceding treatment In no instance was the disease 
made manifestly worse and no harmful eSects were observed pro- 
vided the patient was treated m a non-acute qmescent phase 
Treatment was not given durmg the acute phase of an arthntis, 
m elderly, feeble or emaaated patients, m nervous or hystencal 
patients, m verj’' obese patients, or m those with tuberculosis or 
other active organic disease 

The statements of others include “Sulphur is a forgotten 
remedy” which should be re-investigated (21), results of sulphur 
therapy were “disappomtmg” (25), results were helpful m a small 
senes of patients (63, 44), no defimte improvement m 50 or 60 
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cases (29), “absolutely without effect” in 12 cases (14), irnprove- 
ment b 75 per cent of 60 unselected cases of chronic non-specific 
arthntis and rheumatoid conditions (66), and httle or no improve- 
ment (7B, 23C, 75A, 23B, 61A) 

Unfortunately most of the work presented to date seems to be 
uncontrolled In one senes an internist had treated over 1500 cases 
of atrophic and hypertropbc arthntis with sulphur and had noted no 
untoward reactions of any kmd, local or general, except slight head- 
aches in a few (80) In the treatment of 200 patients the following 
untoward symptoms occurred m a few (61) urticana, a scarlatimform 
reaction, nausea and occasional vomiting, abdominal cramps and 
diarrhea, severe fatigue, headache, nervousness, generalized muscular 
soreness, msomma, and loss of appietite, some with larger doses de- 
veloped chills and fever, appealing m 2 to 4 hours, confining the pa- 
tient to hed for 24 hours Most of these reactions followed intra- 
venous use of the drug, very few reactions occurred following mtra- 
muscular injections 

From reports m the htcrature it has been inferred that from 45 to 
100 per cent of patients with rheumatoid arthntis have been greatly 
improved by sulphur therapy parentcmlly Tbs improvement has 
consisted of decrease of pienarticular swelling, increased mobility of 
the joints, and dmunution or absence of pain Patients with hj^ier- 
trophic arthntis have also been reported benefited (80) 

In' view of the reported Increases m the cystine content of finger- 
nails following injection of colloidal sulphur, vanous workers at- 
tempted to discover whether injected sulphur can actually be utilized 
by the animal organism In rats (38) and m adult mice (22) no utili- 
zation of dietary sulphur for growth was observed It was also found 
(77) that colloidal sulphur given mtrajientoneally to rats was not 
utilized either for production of cystme or for growth 

Sulphur therapy has been reported (84) of equal value in acute and 
chronic cases Others (32) have obtained best results in younger 
patients with rclatiicly short bstones, still others (61) have reported 
the best results in older patients with rheumatoid and mixed arthritis, 
where the cystme content of the nails was frequently low Patients 
with acute phases of arthntis, elderly or emaaated indi\nduals, 
nervous patients, the very obese, and individuals with pulmonary 
tuberculosis have not stood the treatment well (32) 
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The method of administration and the dosage have varied widely 
The mtravenous dose has varied from 1 to 30 mg per day, most in- 
vestigators, however, have begun with minimal doses After the 
maximal dose has been reached, some mdividuals give 30 mg per 
day intravenously for 10 days (84), m addition to an intramuscular 
course of sulphur Those usmg the mtramuscular route usually 
employ between 5 and 25 mg per dose, and give 2 or 3 injections 
weekly Improvement has usually been observed after the fourth or 
fifth injection, in some instances, this was delayed imtil after the 
tenth injection A course of intramuscular mjections usually con- 
sists of 15 to 20 doses 

We have observed the action of sulphur therapy m 30 patients with 
rheumatoid arthritis and 30 patients with osteo-arthntis over a penod 
of more than 3 years Patients not observed over at least a 3 year 
penod have been excluded from this senes The diagnosis was con- 
firmed m each patient by a careful general and arthntic history, and 
by physical examination, roentgen exammations, sedimentation rate, 
blood unc acid determination, complete blood count, urmalysis, 
blood Wassermann reaction, and when mdicated, by Neissenan com- 
plement fixation test and other laboratory exammations No patient 
m this senes was completely cured of his arthntis by parenteral 
sulphur therapy Almost all of the patients had a prehmmary penod 
of placebo therapy, usmg mtravenous mjections of glucose and salt 
solution, and mtravenous and mtramuscular mjections of the mens- 
truum used for the sulphur Approximately twenty per cent of each 
group noted moderate subjective improvement foUowmg mjections 
which contamed no sulphur, but no objective changes m the jomts 
were noted 

In our sulphur therapy, 3 brands of so-called colloidal sulphur were 
used * One-third of the patients were given sulphur mtravenously, 
one-third mtramuscularly, and one-third by the combmed mtravenous 
and mtramuscular routes Chmcal results were about the same m 
the three groups so that m our experience, the route of administra- 
tion was not important Dunng the penods of sulphur therapy, all 
other forms of treatment were discontmued 

* Sulphur was furnished through the courtesy of the Doak Chemical Co , of Cleveland, 
the MuHord Colloid Laboratones, of Philadelphia, and the Drug Products Co , of Long 
Island 
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In the group with osteo-arthntis, no evidence of objective improve- 
ment and no roentgen changes were noted foUowmg the parenteral 
administration of sulphur However, 50 per cent of the patients felt 
moderately to markedly improved durmg the course of therapy 
The improvement usually did not persist more than several weeks 
following the last mjection Several of these patients noted such 
marked rehef of pam following the mtramuscular mjcctions, that 
repeated courses of treatment were demanded by the patient In 
this group, two instances of acute coronary occlusion occurred durmg 
the course of therapy The author feels that although m the group 
of osteo-arthntis sulphur therapy may be used m dderly mdividuals, 
it should not be used m patients with cardiac disease 

In the patients with rheumatoid arthntis, objective improvement 
such as decreased swellmg of the jomts, mcreased mobihty, decreased 
sedimentation rate, etc. were noted m only 30 per cent Twenty pier 
cent of these patients with rheumatoid arthntis improved markedly 
foUowmg parenteral sulphur therapy, jomt swellmgs disappeared, 
mobihty of joints mcreased, sedimentation rates returned to normal, 
etc In addition, 30 per cent noted moderate to marked subjectue 
improvement which was mamfest chiefly by decreased stiffness of the 
joints The rcmainmg 50 per cent were not benefited by sulphur 
therapy 

We have not noticed any defimte correlation between improvement 
in the arthntis and increase of the cystine content of the nails, nor 
have we been able to predict which patients would benefit most by 
this therapy Several of the patients receivmg most benefit exhibited 
a normal nail cystme at the onset of therapy Taticnts receiving 
large doses of sulphur (20 to 30 mg per dose) improved more than 
those with smaller doses 

Our mtravenous mjcctions began with one mg of sulphur and in- 
creased by doublmg the dose at each injection until 30 mg was 
reached In some individuals daily mjcctions were given, m others 
mjections could be made only twice weekly It did not seem that the 
greater frequency of injccUons was especially bencfiaal We did not 
exceed a total of 300 mg of sulphur mtravcnously m any one course 
Rest periods of at least 10 weeks were given between courses of 
therapy 

IVben sulphur was given intramuscularly, our dosage vaned from 
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1 to 20 mg gradually mcreasmg the dose at each mjection In- 
jections were made 2 or 3 times weekly Agam, a total of 300 mg 
was not exceeded m any one course of therapy When combmed 
mtravenous and mtramuscular therapy was utdized, 300 mg were 
given mtravenously over a penod of 10 days, while 50 mg were given 
mtramuscularly durmg the same penod (givmg intramuscular m- 
jections every second day) 

A detailed account of our results will form the basis of a separate 
communication Suffice it to say that our results were no better 
than, and m many mstances not as good as, those obtained by other 
means, such as rest, physiotherapy, removal of focal mfections, vaccme, 
etc In view of these results, it is our opmion that sulphur should 
not be used m the routme treatment of arthritis unless other simpler 
and generally accepted methods of therapy have failed If improve- 
ment has not been obtamed under conservative therapy, cautious 
admimstration of sulphur may be indicated 

Great care must be exercised m givmg coUoidal sulphur mtraven- 
ously, leakage of sulphur into the tissues surroundmg the vem has 
resulted m a large area of sloughing, which is qmte painful Intra- 
venous mjections should be made very slowly When mtramuscular 
injections are employed, the area should be massaged vigorously 
foUowmg the mjection to prevent the formation of painful lumps 
Inasmuch as certam compames prepare separate preparations for 
intravenous and intramuscular use, the particular ampoule to be 
injected should always be exammed carefully, mtravenous admmis- 
tration of colloidal sulphur m oil (an mtramuscular preparation) 
might prove fatal 

Forbes and Neale (18, 19, 20) have recently stressed the value of 
sulphur admmistered orally m the treatment of arthritis These 
mvestigators found that mdole, which is normally detoxicated m the 
body, was ehminated unchanged m the urme m patients with arthntis, 
they state that such an mdoluna parallels the chmcal condition, 
finally disappeanng when the patient improves markedly or recovers 

Indole IS normally detoxicated m the hver by oxidation to an mdoxyl 
compound which then is combmed with a sulphur radical to form m- 
dican The authors have suggested that masmuch as sulphur plays 
a major r61e m the detoxication of mdole, the presence of this latter 
m the urme m arthntis may be an mdicator of sulphur defiaency 
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These workers found that 34 of 39 patients with rheumatoid, 
osteo or muted arthntis ehmmated indole m the unne When 32 
of these patients were placed upon a high sulphur, high vitamin B 
and low carbohydrate diet, marked improvement occurred m 26 of 
the group 

A demonstration of the tone local effects of indole was furrashed by 
mjcction of dilute sterile solubons of mdole directly into the knee 
jomts of rabbits, this resulted m the production of a severe form of 
chronic arthntis, with permanent damage to the joints (as has been 
reported with vanous other substances similarly mjected) No 
changes occurred m control jomts m which only the solvent was 
used (20) We have confirmed this work m rabbits (10) 

SUMMARY 

1 A summary of the hterature on the use of sulphur in arthntis is 
presented 

2 Parenteral sulphur therapy appears to be benefiaal m some cases 
of arthntis 

3 In our expcncnce, it would seem that a tnal of sulphur therapy 
IS justified if routme conservative treatment produces no improvement 
m the arthntis 

4 CysUne determmaUons of the nads were of no assistance to us in 
judging which pabents would be benefited by sulphur therapy 

5 Some evidence is presented that parenteral sulphur is not utilized 
either tor produebon of cvsbne or for growth 

The author wishes to express his appreciation of the valuable as 
Bistancc of Dr J Harold Austin throughout this work, and in the 
preparabon of the monusenpt. 
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^ INTRODUCTION 

The mterpretation of the clinical course of patients dying of uremia 
or of comphcations of arterial hypertension, in whom “contracted” 
kidneys are found on postmortem examination, has changed during 
the past few decades From the cases formerly diagnosed as chrome 
Bnght’s disease two large groups have emerged one in which the 
renal damage has been attnbuted to primary inflammatory processes 
(“chronic nephntis,” “chronic interstitial nephritis,” “chronic glo- 
merulonephntis”) the other m which the progressive decrease of the 
renal parenchyma and the functional reserve has been considered as 
secondary to obliterative vascular lesions and to ischemia (“nephro- 
sclerosis,” “arteriosclerotic or arteriolosclerotic kidney,” “vascular 
nephntis,” “hypertensive nephntis”) Subsequent chmeal expe- 
rience has mdicated, however, that in a considerable number of in- 
stances, regardless of the primary cause, both types of lesions, i e , 
inflammatory and vascular, are present in the same case Further- 
more, It IS often difficult to ascertain, either from the chmeal or from 
the morphologic evidence, whether the inflammatory or the vascular 
lesions are pnmarj^ 

In the group of cases with Bright’s disease m which the renal lesions 
are predominantly of an mflammatory nature, inadequate separation 
has been made between cases in which the renal inflammation is 
usually mdependent of local microorgamsms and those in which the 
inflammation depends on bacterial mvasion and pyogemc responses 
of the renal tissue Thus it is only relatively recently that chronic 
pyelonephritis has been separated from chrome glomerulonephritis 

As early as 1882 Wagner (1) described cases corresponding to 
chronic pyelonephritis and m 1917 Lohlein (2) reported 3 cases of 
contracted kidney following pyelonephritis Nevertheless, the nature 
of the course of the disease was not appreciated until recently Thus 
Gyorgy (3), Haslmger (4), Schoen (5), Staemmler and Dopheide (6) 
and Jacoby (7) as recently as 1931 have emphasized the lack of 
specific information with regard to both the clinical and the structural 
charactenstics of the disease In the Anglo-Saxon literature, with 
the exception of reference to certain features of the disease by urolo- 
gists (8), practically no information was available until Longcope and 
Winkenwerder (9) emphasized its significance in internal medicine 
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Subsequcntiy, Peters, Laviettes and Zimmerman (10) called attention 
to the r61c of “pyelitis” m toxemias of pregnancy 
There are several reasons for this slow recognition of pyelonephntis 
as an entity distinctly separate from other nephropathies Py elonc- 
phntis IS a disease vnth strikingly vanable chmeal course and struc 
tural lesions Furthermore, a given case shoas different features at 
different stages of the disease As long as “py ehtis” of early' child- 
hood was considered by pcdiatnaans as a benign and transient puru- 
lent infection of the renal pelvis, it was not suspected that this condi- 
tion in its chrome stage is related to certain ti’pes of toxemia of 
pregnanev watb apparent recovery, obserx’ed bv the obstetnaan, 
to subsequent attacks of pyuna, treated bv the urologic surgeons, 
and to artenal hypertension of progressive seventy , developmg y cars 
later, and assoaated with impaired concentrating capacity of the 
kidney with but a trace of albunun and few or no white blood cells 
in the unne, cared for by the internist Only' when it became r»Jp- 
ctetUly recognized that “pvelitis” is uniformly assoaated with focal 
or diffuse inflammatory lesions of the parenchyma of the kidney , as 
well as of the pelvis, was it suspected that acute “pycbtis,” or pvelo 
ncphntis, bears a relation to the functionally insufbacnt, contracted 
and irregularly scarred kidncvs of chronic pyelonephntis Thus 
Eschench (11) as early as 1894 desenbed pyelitis as a disease of 
childhood, and Gttppert (12) in 1908 called attention to the frequency 
and significance of the disease (1 olkskrankiwil) Gdppert has also 
pointed out that in some instances following an attack of “py clitis,’ 
pyuna, bactenuna and other symptoms may persist for years In 
1910 rhicmich (13) called attention to the fact that in severe cases 
of pyelitis there are changes m the renal parenchyma as well as in the 
pelvis and that under certain conditions pyelitis can become a chronic 
renal disease Nevertheless, m 1930 Staemmler and Dopheide (6), 
in descnbmg certain morphologic characteristics of chronic py clo 
nephritis, emphasized that in none of the cases which they reported 
'vas the disease suspected clinically Thus, notwathstanding the 
advances made in the knowledge of the disease, there arc see oral 
important aspects not y et appreaated cither by phy siaans or bi 
morphologists 

flur interest in pyelonephntis dates back oyer a penod of 5 years 
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Dunng tins time we have observed a group of patients whose pre- 
sentmg syndrome was a severe degree of arterial hypertension, with 
or without renal failure In several of these cases clmical and lab- 
oratory evidence did not mdicate the presence of renal infection 
Nevertheless, histologic studies revealed chrome or healed renal 
inflammation and vascular lesions such as are characteristic of pyelo- 
nephritis as well as of “mahgnant” nephrosclerosis The purpose of 
the present communication is to summanze the chmeal and mor- 
phologic features of pyelonephntis and to report on certain heretofore 
not well recognized aspects of the disease 

MATERIAL 

A chmeal and morphologic study has been made of 100 cases of 
pyelonephritis m vanous stages from the acute to the termmal chronic 
or healed There were 58 males and 42 females m the group of vanous 
ages, ranging from 4 months to 78 years Of the 100 cases studied, 
86 had adequate chmeal histones and postmortem exammation failed 
to reveal other complicating renal pathology This group was 
selected from a larger group of cases of pyelonephntis pnmanly by 
means of histologic examination As the chmeal course and the 
morphologic charactenstics of acute pyelonephntis have been ade- 
quately studied m the past, we have concentrated mainly on the 
study of the chronic stage of the disease, as well as of the character- 
istics of vascular lesions occurnng in chronic pyelonephritis and their 
relation to artenal hypertension Hence the cases were selected on 
the basis of (a) whether they contnbuted to the understanding of the 
natural histoiy'^ of the disease, and (6) whether they showed artenal 
hjqiertension or vascular changes Cases with neoplastic disease of 
the unnary tract, as well as those with evidence of pnmary arteno- 
sclerosis compheated by pyelonephntis, were mth few exceptions, 
ormtted from the special group studied Because of the method of 
selection, the material does not lend itself to statistical analysis In 
order, however, to answer special questions which have ansen dunng 
the course of the investigation, analysis has been made of certain 
features of additional cases of pyelonephntis Similarly, groups of 
cases with hydronephrosis, renal tuberculosis, bemgn and malignant 
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nephrosclerosis of nonpvelonephnhc ongm, glomcrulonephntis, renal 
aplasia or agenesis have been studied in order to define the dififerential 
charactenstics of pvelonephntis 

In all the cases studied, in addiUon to the analysis of the clinical 
and laboratorj data and of the necropsy findings, a systematic histo 
logic study of the kidnevs was made This included an estimate of 
the extent of the pyelonephritis The nature of the changes in the 
renal pelvis was defined The glomeruli were examined quantita- 
tively and as to the degree and extent of glomeruhtis, necrosis and 
sclerosis The tubules were analyzed as to the degree of dilatation 
and the presence or absence of pus and colloid casts The character 
of mfection and inflammation in the interstitial tissue was described 
In addition, in each case the arteries and the artenoles were in\es 
tigated The renal capsule and the adrenal glands were studied in 
detail Vascular changes in other organs were also anali zed De- 
pending on the findings in the routine analxsis, spenal studies were 
undertaken as will be indicated 

TYPES OF PYELOKEPHRTnS 

Both the chnical course and the morphologic features of py clonc- 
phntis show considerable vanation Its diagnosis, nevertheless, 
offers less ditficulty from a histologic than from a chmeal point of vieu 
Mainly on the basts of histologic exndcncc we have classified pyelo 
ncphntis into four groups, representing xanous stages of the same 
disease (/) acute pyelonephritis (pyelitis), (2) chronic py elonephntis, 
(3) healed pyxlonephntis and (-/) healed and recurrent acute pyelone 
phntis An\ of the four types may be unilateral If both kidnex s 
arc inxoUcd the character of the process is not aliiays the same in 
each The foregoing classification includes all nontuberculous sup 
puratuc bacterial infections of the kidney associated y\ath certain 
characteristic structural alterations So called acute interstitial 
nephritis, because of the difference in structural changes in the kidney s, 
IS not included, although this type of nephritis is considered by some 
as a spcaal tvpc of p\ elonephntis The classification considers 
neither the specific causatixe organism nor the mode of origin of the 
baclcnal renal infection 1 iirlhcrmorc it is essential to emphasize 
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that unless detailed chnical data are available, in the majonty of 
instances the diagnosis of healed and recurrent acute pyelonephntis 
IS not feasible 

Such rather simple classification seemed to us essential because in 
the majonty of instances even the combined chnical, bacteriologic 
and histologic evidence fails to reveal with any degree of certainty 
whether we are dealing with pyelonephntis of hematogenous (“de- 
scending”), urogenous (“ascending”) or lymphatic ongin Further- 
more, the absence of demonstrable obstruction does not rule out phys- 
iologic disturbances of unnarj'’ flow Contranwise, the presence of a 
structural defect in the urinary tract cannot be used a prion as evi- 
dence for or against hematogenous or urogenous infections Hence 
the more complex classifications are not applicable in practice In- 
deed, from a chnical point of view certain objections can be raised 
even to the use of the simple classification here proposed 

Acute pyelonephritis (pyelitis) 

The chnical course and the postmortem findings in acute pyelone- 
phntis are well recognized (11, 12, 13, 14, 15, 16, 17, 18, 19) Our 
study of this stage of the disease has failed to add significant new 
information Fever with systemic response of an acute infection, 
pallor, pain and tenderness related to one or both kidneys, dysuna, 
tenesmus, pyuna, at times bacteremia, and tendency to anemia are 
the mam chnical features The arterial pressure is normal Ex- 
amination of the unnar)'^ tract, particularly in adults, often reveals 
abnormalities Nitrogen retention does not develop in the majority 
of cases Frequently the symptoms are not sufficiently specific to 
indicate an acute suppurative renal disease The details of the di- 
agnostic methods employed are outside the scope of the discussion 
As a rule there is no consistent difference in the chnical symptoma- 
tology and course of pyelitis of vanous origins and of vanedbactenology 
which would permit a diagnosis on the basis of etiolog}'^ Our analysis 
of autopsied material available in the Boston City Hospital indicates 
that the disease is relatively common in early childhood, in preg- 
nanc}'^ and again in old age In infancy and childhood congenital 
malformations of the kidney and of the urinary tract predispose to 
the disease 
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On postmortem examination the kidne>s are usuallj enlarged and 
ma\ show small abscesses beneath the capsule On section, > ellow 
streaks extendmg from the pelvis to the cortex are evident The 
pelves are reddened, may or mav not be dilated, and often are covered 
with an mflammaton' exudate Microscopicallj , the tubules contain 
pus and there is an mfiltration of IcuLoci tes m the intertubular con- 
nective tissue Such infiltration is also found in the penglomerular 
lymphatics and, at times, m the glomerulus (Tig 1), as desenbed b\ 
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Kimmclsticl and Wilson 120) In addition, multiple abscesses arc 
scattered through both cortex and medulla Bactena ma\ be present 
m the tubules and in the interstitial tissue (Fig 2) as well as in the 
pcncascular lymphatics (Fig 3) At times there ma\ be acute in- 
\ ol\ ement of both artenolcs and a cnulcs w ith fibnn formations m the 
wall and wnth thrombosis, partial or complete, of the lumen (Tigs 
4 and 5) Dcgencratue \ascular changes ns a result of the infection, 
howcAcr, do not occur The peUns shows c\ndcncc of acute inflam 
motion often with necrosis and disappearance of the lining epithelium 
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In all cases ot acute pyelonephritis the parenchimatous mvoKc- 
ment was essentially identical, irrespecUve of the tj'pe and ongin of 
the infection With one possible exception, in all instances diag- 
nosed chnicall> as p> elitis m which the renal pelns n as mi oh cd there 
was also involvement of the parenchyma The extent of suppuration 
in the interstitial tissues and within the nephron, respectiveh , varied 
considerabh In some instances extensive suppuration was located 
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almost cntireh m the interstitial tissue On the other hand, instances 
inth much iniohcmcnt of the tubules inthout infection in the in- 
terstitial tissue Mere rare Acute pj eloncphntis is pnmanli an 
mflammaton disease of the interstitial tissues Inioliemcnt of the 
interstitial tissue mlhout iniasion of the nephrons accounts for cases 
which pre-sent all the sistemic and local manifestations of p\ clone 
phntis but in nhich the unnin findings arc cssentialK normal If 
in such cases pus cicntualli appears in the unne, this is more apt to 
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be the result of entrance of the purulent process from the interstitial 
tissue into the tubules than, as is often claimed, of the openmg up of 
an infected “sealed” pelvis or ureter 

We selected 15 patients with acute pyelonephritis for special study 
Nine of these w^ere females and 6 were males The ages of the group 
vaned widely 4 were infants below the age of 6 months, 2 were 
children, 5 were young or middle-aged adults and 4 were elderly persons 
between the ages of 55 and 73 In the infants and the children the 
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clinical course suggested a hematogenous ongin of the disease In 
some of the elderly patients the disease might have been due to as- 
cending infection as a result of obstruction by an enlarged prostate or 
by neoplastic disease The mode of ongm and spread of the renal 
infection, however, w-^as usually not clear In all but 2 cases the in- 
fection was rather wndespread and involved the parenchyma as weU 
as the pehns Only 1 case showed elevation of the artenal pressure, 
and the clinical and histologic evidence indicated that this was m- 
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dependent of the acute pyelonephritis None of the patients died of 
acute pyelonephritis The disease was either an acadental finding or 
a secondary comphcation 

Below ive have summarized a feu cases of acute p> elonephntis 
with instructue features 

Case I The earlj stage of pyelonephritis uas studied m a 27-} ear-old 
uoman who had an indefinite histoiy of recent p}'eliti3 She entered the 
hospital with a full term pregnanes The blood pressure was normal 
The unne showed an increased number of white blood cells Following a 
normal dehiery the patient died unexpectedly 

Postmortem examination reiealed the following pertinent findings 
The uterus was that of recent parturition The kidne}'S weighed 375 
grams On section, the cortex averaged 6 mm in thickness Scattered 
throughout the parenchyma were small, highly injected areas from which 
purulent exudate could be expressed The peK es were moderateh dilated 
and the mucosa was roughened The ureters were greatl} dilated The 
nght one measured from 1 to 2 cm m diameter, the left was slightl} smaller 
The bladder was normal Histologic exammation retcalcd that the m 
fcction was hmited to the tubules of the papillae and to the pchns 

This case represents the earhest stage of acute p} eloncphntis 
obsert cd b} us 

Case 2 A 4-} ear-old female child entered the hospital with a fatal 
attack of cerebrospinal meningitis P} eloncphntis was not suspected 
dunng life On postmortem examination the following findings were of 
interest The pericardium contained 35 cc of slight!} greenish fluid The 
heart weighed 75 grams and was normal The cerebral and menmgeal 
xcssels were engorged The cerebrospinal fluid was slightU cloudi 
Scattered areas of fibnnous deposits were noted o\ cr the surface of thebrain 
Tlie kidne}^ weighed 110 grams The cortex aierigcd 4 5 mm m thick- 
ness The capsules stripped with ease The left kidnei showed numerous 
slightl} raised, }cllowish areas about 1 mm in diameter beneath the cap- 
sule No exudate could be expressed from them The right ureter was 
siightK enlarged below the pcKic bnm The bladder was somewhat 
distended with clear urine On histologic examination the renal peKis 
showed l\mphoc}tic inGllmtion The glomeruli were normal in number, 
but showed penglomenililis with filinn The tubules contained pus but 
were not dilated The \ essels w ere normal The interstitial tissue showed 
diffuse infdtration b\ macrophages 
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This case is considered an acute hematogenous pyelonephntis 
{Ansscheidring Nephnhs) 

Case 3 A 58-year-old female patient who had suffered from diabetes 
meUitus for 10 years had expenenced for several months a burmng sensa- 
tion and frequency of urmation There were occasional chffls and fever 
with attacks of pam over both lumbar areas The cardiovascular system 
and the arterial pressure were normal The laboratory findings were 
charactenstic of acute pyelonephritis Local examination of the bladder 
mdicated a gangrenous cystitis Because of the presence of a low abdominal 
tumor, an exploratory laparotomy was performed The operation re- 
vealed a marked degree of edema and some pus of the extraperitoneal 
tissues above the bladder The patient died of postoperative comphcations 

On postmortem exammation the kidneys were markedly enlarged, 
weighing 500 grams They were soft, flabby and reddish-gray m color 
The capsule stopped vuth ease, leavmg a smooth surface on which there 
were numerous small, yellow areas The cut surface showed reddish- 
gray mottlmg and the markings between the cortex and pyramids were 
somewhat mdistinct The cortex measured 7 or 8 mm and contamed 
numerous small, yeUow nodules The pelves and calyces were moderately 
distended The mucous membrane was grayish-white, mottled with small 
hemorrhagic areas The uppermost calyces were greenish-black and 
necrotic The ureters were moderately dilated and the walls were soft and 
friable The bladder was considerably dilated and the waU was shghtly 
thickened and trabeculated The mucosa was markedly injected and 
contained soft ulcerated areas There was evidence of pelvic peritonitis 

Histologic exammation of the kidneys revealed changes mdicatmg gan- 
grene of the papillae The tubules contained pus There was diffuse and 
severe infiltration of the mterstitial tissue vuth lymphocytes and plasma 
cells The ureters showed subepithelial congestion with edema and m- 
filtration by lymphocytes and plasma cells The submucosa of the bladder 
was congested, edematous and infiltrated with lymphocytes The sub- 
serosal tissue was markedly infiltrated with polymorphonuclear leukocytes 

This case with papillary necrosis is described because it is an ex- 
ample of the tjqie of pyelonephritis occumng in diabetic patients, 
w'hich was recently discussed b)'^ Gunther (21) He has reported 10 
cases with necrosis of the renal papillae associated with “ascending” 
pyelonephritis, 8 of these patients suffered from diabetes 
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Case 4 This case, occumng m a 6-month-old female bab\ , is reported 
because of the unusual renal changes and because of the difference m the 
stage of pj leonephntis m the two kidneys Two weeks before her entrance 
to the hospital the paUent developed an upper respiratory mfecUon which 
was comphcated by a suppurativ e outis media She % omited on set eral 
occasions The physical exaramation was essentially normal except for an 
otitis media Repeated cathetenzed specimens of unne showed clumps of 
white blood celb but no increase of albumm Urine culture showed B 
cob ThebloodWassermann was negative The ted blood cell count was 
4,600,000 and the hemoglobin 75 per cent The white blood cell count 
was 19,000 X-ray of the lungs was normal The temperature fluctuated 
between 99 and 104° and the pulse between 110 and 130 The patient 
died of bronchopneumonia 

Postmortem examination revealed the following pertinent findings 
The combined weight of the kidneys was 48 grams The capsule of the 
right kidney stripped with case On the smooth, pmkish-gray renal sur- 
face there were several slightly raised, pale veUow areas about 2 mm in 
diameter The cortex was 6 mm wide The peUns was normal The 
ureter was slightly distended, and measured 4 mm m diameter The 
capsule of the left kidney stripped with difficulty and the surface was ir 
regular and lobulated The cortex was between 1 and 2 mm in width 
The peK is was raoderateh dilated The ureter was markedly distended, 
being 7 mm in diameter The distention reached down to the bladder, but 
there was no obstruction The bladder was distended and thin walled 

Histologic examination of the right kidney reyealed that it was char- 
aclcnstic of acute py elonephntis without y oscular changes The left 
kidney , on the other hand, was affected by changes charactenstic of chronic 
pyelonephntis In addition, not only were the interstitial tissue and the 
tubules more affected than those of the right kidney, but the arterioles 
showed a pronounced degree of hyperplastic artenolosclerosis The glo- 
meruli of the left kidney were considerably reduced in number 

In this 6 month old baby one kidney w as affected by chronic py elo 
nephritis associated with diminution m size, decrease in the number of 
glomeruli and secondary vascular changes The finding of hyper- 
plastic artenolosclerosis in this cisc is of special significance as it 
indicates that such vascular changes in the kidney may deyclop 
yvitliin 6 months, if yye assume that the onset of pyelonephntis yyas 
not mlnutennc In discussion of the time clement of hyperplastic 
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atenolosclerosis in the lungs, we have concluded that in this organ 
the vascular changes can occur as early as 2 months (28) 

Chronic pyelonephritis 

As pointed out by Goppert, Thiemich and others, there are persons 
m whom pyuria and bactenuna persist for many years following the 
mitial attack of pyehtis The chmcal manifestations m this group, 
such as fever, pain, dysuria, anenua and renal failure, depend on the 
virulence and the extent of the renal infection, as weU as on the type 
of lesions of the urinary tract In one group in which the condition 
has persisted for years or even for decades the only systemic manifes- 
tations may be anorexia, paUor, lack of energy with obscure fever, and 
abdommal pain, occurnng at varymg intervals and lasting for but a 
few days There may be a history of passing cloudy unne from time 
to time for many years In contrast to the usual cases, in this latter 
group there may be only a few pus cells m the unne, and at times the 
diagnosis can be made only with the aid of cultures of the urine which 
always, or from time to time, are positive The unne is often al- 
kalme and remains so even after the admmistration of the usual doses 
of acid-producmg substances In chronic pyelonephritis, arterial 
hypertension frequently develops In these cases the peripheral 
artenes often become shghtly thickened, but the heart is usually not 
appreciably enlarged Red blood cells are often found in the unne, 
and even transient frank hematuna, as a result of rupture of minute 
vessels, can develop in advanced cases The face of a patient with 
chronic pyelonephntis may be slightly puffy and pale, but there is 
seldom generalized edema 

Cj'^stoscopic and pyelographic exarmnations of the unnary tract 
often reveal an mflamed bladder and dilated or constncted ureters 
and pelvis On the x-ray plate one sees finger-hke projections orig- 
inating in the calyces, which invade the renal parenchyma 

The extent of abnormality in the urinary findings and the degree of 
impairment of renal function depend on the nature of the infection 
and the extent of parenchymatous damage The concentration and 
the dilution capacities of the kidney are frequently impaired Sim- 
ilarly the urea clearance and, subsequently, the phenolphthalein 
tests indicate renal damage The rate of progression of the functional 



pyelonephritis 


235 


damage vanes considerably The impaired renal function and 
nitrogen retention often show a considerable degree of fluctuation in 
accordance with vanations in the intensity of suppuration Fre- 
quently moderate mtrogenous retention is present for man) )ears 
There is no other type of nephropathy in which a similar degree of 
fiuctuabon in renal function occurs as frequentl) as in chronic pvelo 
nephritis We have observed a few patients with uremia associated 
aith coma and jicncarditis m whom foUoinng rccoier) from the 
uremia the renal function was adequate for several r ears Hence the 
prognosis in cases inth chronic p) elonephntis is often difficult Death 
IS caused b) uremia and, more rarelv, b\ comphcations of arterial 
h) pertcnsion 

In spite of the frequent occurrence of hi'pcrtension in these cases, 
m contrast to those with benign and malignant nephrosclerosis, 
cerebrovascular acadents, coronary disease and thrombosis did not 
occur in the senes studied Postmortem examination as a rule also 
failed to reveal evidence of coronary artenosclerosis 
On postmortem examination the kidneis ma) be either enlarged, 
normal or reduced in size The larger kidnci s are seen espeaalh in 
assoaation with hydronephrosis The kidney surface is markedly 
irregular iiith areas of destruction and scar formation, such scarred 
areas being U shaped in contrast to the V shapic of xascular scars 
In addition, there ma\ be nodular areas representing foci of com- 
pensator) dilatation of the tubules The cut surface reveals scarnng 
inth marked narromng of the cortex in such areas GrossU , ab- 
scesses may be xisiblc, but often the activit) of the process can be 
recognized onh microscopicallx The walls of the pelvis arc thick- 
ened, and nit often reddened and covered with exudate Ihe capsule 
IS adherent, stripping from the kidnci mthdifficulti and tearing aw n\ 
tissue w ilh It 

MicroscopicalK the scarred areas contain tubules filled with so 
called colloid casts and lined walh atrophic, flattened epithelium 
(rig 0) Tht glomeruli show concentnc pcncapsular fibrosis (Tig 7) 
The glomerular tufts exhibit degrees of sclerosis \ an mg from slight 
to complete 1 he \ cssels show changes to be described later The 
interstitial tissue is increased m amount and is infiltrated with Km 
phocetes and plasma cells, and, if the process is still nctue m such 
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regions, with polymorphonuclear leukocjhes The nonscarred por- 
tions maj be essentiallj normal or maj show compensatorj dilatation 
of the tubules If renal failure was present during life the glomeruli 
in the scarred and the nonscarred areas usuaUt show varvmg degrees 
of glomeruhtis (22) (Fig 8), dependmg both on the degree of the 
failure and on the sevent-v of the vascular changes Kimmelstiel and 
Wilson (22) ha\e apphed the term “alterative glomerulitis” to cer- 



>10 8 CitROvic I YELovEPirerna, Death FROM Uremi\ Alteilvttve Glomerulitis 

X 300 


tain tiTics of such glomerular lesions The active p\ cloncphntic 
process is recognized b 3 the presence of tubules filled inth pus, of 
polymorphonuclear IcuVocvtcs in the interstitial tissue and often of 
abscess formation The wall of the pchas is thickened owing to 
increased conneclia c tissue w hich is markedlj infiltrated with Ij mpho 
c\ tes, plasma cells and poK morphonuclcar Icukoca les In addition 
there ma\ be newU formed Uanphoid nodules with actiee germinal 
centers (1 ig 9) The pcKic epithelium ma\ be covered with an exu 
date of fihnn and leukocvtes or maj be absent as a result of erosion 
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or ulceration In some instances the pelvis and papiUae may be 
gangrenous The renal capsule is often thickened and infiltrated 
-with lymphocytes and plasma cells 

In connection -with this group of chronic pyelonephntis, cases of 
so-called chrome interstitial nephntis must be mentioned Such 
cases are at times associated -with renal dwarfism In the opinion of 
Fahr and of others, including ourselves, this type of lesion represents 



Fig 9 Chronic Pyelokephritis Wall or Pelvis Showing Cellular Ineiltration 
AND Presence of Lymphoid Follicle in Which Histiocytic 
Activity is Evident X 140 

chronic or healed pyelonephritis Microscopically chrome mterstitial 
nephritis differs from the common type of pyelonephntis by the 
absence of coUoid casts and the greater increase in mterstitial tissue 
The tubules are either atrophic or dilated and, if the process is stiU 
active, contam pus The character of the infiltration and the glomer- 
ular changes in general are similar to those desenbed above 

We have made a detailed study'^ of 17 patients -with chronic pyelo- 
nephntis The ages of these patients vaned between 10 and 69 






PYELONEPHRITIS 


239 


jears, 10 were adults belo-n the age of 40 Nine were males and 8 
females In the majonty of cases, historj of unnarj infection dated 
back for several years With the exception of 3 cases, death was due 
to uremia, high blood pressure or heart failure, singlj or m combina- 
tion A severe degree of hj’pertension was present m 8 instances 
In 2 cases there was obstruction of the prostate or of the ureter 
The follownng case reports are examples of chronic pi clonephntis 
as well as of healed and recurrent pj clonephntis 

Case 5 A 10-j'ear-old girl entered the hospital with ascites and d>spnen 
The asntes de\ eloped 2 jears previously, and at that time a large spleen 
was found Physical examination confirmed these findings and m addition 
revealed tenderness of the abdomen The heart sounds were of poor quality 
The artenal pressure was normal The unne contained a trace of albumin 
and a large number of white blood cells, but no casts The patient de 
i eloped a high feier, sank into coma and died 

Postmortem examination revealed generalized pentomtis of pneumo- 
coccic ongin The spleen was greatlj enlarged (860 grams) Both kidnevs 
were enlarged, the right weighing 200 grams and the left 160 grams The 
capsule of the right kidnej was firmly adherent oxer the upper pole and 
tore the kidney substance when removal was attempted The lower 
pole was irregular, soft, and deeply scarred and worm-eaten in appearance 
Cut surface retcaled a markediv dilated pehns containing a rough, hard, 
flattened triangular calculus The left kidney was normal in appearance 
except for the cortex, which was pale The mucosa of the bladder was 
roughened and injected 

Histologic examination revealed that the left kidney was normal The 
peKis of the nght kidney showed chrome inflammation The glomeruli 
were considerably decreased in number withm the pyeloncphntic scars, 
but were othennsc normal The tubules contained a small amount of pus 
The interstitial tissue showed a marked degree of chronic mflammation 
The arteries showed moderate thickening and productii e endarteritis, and 
the arlenoles only a slight degree of hyperplastic artenoloscicrosis m the 
*ears Elsewhere thev were normal 

This case IS of interest because it shows an carh stage of chronic 
unilateral p\ clonephntis discovered acadcntalK in a 10 \ car-old 
girl who died from pentomtis 

Case 6 This 40-\car-old, colored female patient was observed in the 
Outpatient Department on several occasions between l')I2 and 1934 Her 
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chief complaint at that time was frequency and an occasional burmng 
sensation on urmation On several occasions her urme was bloody Dur- 
mg the period of observation m the Outpatient Department the findmgs 
were unessential except for the presence of clumps of white blood cells m the 
urme The blood pressure ranged aroung 160/110 m 1932 and 180/120 
in 1934 Pyelographic studies revealed marked dilatation of the right renal 
pelvis and calyces The upper third of the right ureter was dilated, while 
the lower third was contracted The left ureter was irregular, tortuous and 
dilated Cystoscopic exammation revealed edema with sweUmg of both 
ureteral orifices, particularly over the right side Specimens of urme ob- 
tamed from the bladder and from each ureter contamed clumps of white 
blood cells 

In 1935 the patient was admitted to the Surgical Service because of 
ceUuhtis of the leg There were no other complamts At that time an 
increased number of white blood cells was again noted and, for the first 
time, a trace of albumm was found m the urme In October, 1936 she re- 
entered the hospital because of metrorrhagia There were no cardiorenal 
symptoms Physical examination revealed, however, shght cardiac en- 
largement and an accentuated aortic second sound The urme contamed 
a trace of albumin and was loaded with white and red blood cells 

In December, 1936 the patient reentered the hospital complammg of 
cough of 3 weeks’ duration, and of vormtmg and dysuna The heart was 
enlarged shghtly, the aortic second sound was accentuated The lungs 
were clear Numerous measurements of the arterial pressure indicated a 
level of 270/140 to 280/160 On repeated exammations the unne con- 
tamed from a shght to a heavy trace of albumin One specimen contamed 
gross blood The specimens were “packed” with white blood cells (18 to 
20 per high power field) There were no casts, and red blood cells, if pres- 
ent at aU, varied from 2 to 4 per high power field The concentration- 
dilution test revealed a specific gravity ranging from 1 007 to 1 010 The 
red blood cell count varied from 2,800,000 to 3,700,000, the hemoglobm 
from 38 to 43 per cent The white blood cell count was 7,800 The blood 
Wassermann and Hinton tests were negative The non-protem nitrogen 
was 51 mg per 100 cc on entrance, but m the course of a month gradually 
rose to 200 mg X-ray of the chest revealed enlargement of the heart, 
mainly m the region of the left ventricle The lung fields were clear 
The electrocardiogram revealed left ventricular preponderance The 
temperature during the last admission to the hospital vaned between 
98 8 and 100 8°F The patient gradually sank into coma and died The 
diagnoses were chronic pyelonephritis and “mahgnant” hj'pertension 



PYELONEPHRITIS 


241 


Postmortem emmmation re\ealed the foUomng pcisiti\e findings 
The heart weighed 480 grams, there was hj'pertroph\ of the left \entnde 
The combined weight of the kidne\'s was 210 grams The capsule of the 
right kidnej stopped with difficultj, tearing awaj small shreds of cortex 
The surface was dark red m color with small, pale nodules from 0 1 to 
0 2 cm in diameter The calyces were markedly dilated, with correspond- 
ing decrease in the size of the pyramids The cortex was narrow A few 
small, flame shaped hemorrhages were present m the peine epithelium 



Eio 10 CitROMc Pyelonephritis Wall of Pelvis Increased CON’NEcm’E Tissue 
AST) Inoltration wiTn LvurnocYTES and Plasila Cells X HO 


The dilated peK is continued into a widened ureter for a length of 2 cm 
Below this lc\el the ureter was normal The capsule of the left kidney 
slnp])cd with difficulty , presenting an irregular, nwlular surface similar 
to that of the right kidnci The cortex was narrow, measuring from 0-3 
to 0 5 cm The fibrous tissue of the parcnchima was increased Small 
hemorrhages were present o\cr the surface of the pehis, but the shape 
of the pell IS and ureter w as normal The mucosa of the bladder abo\ e the 
tngonc wis colored with hemorrhages 

Histologic examination of the kidnex rexealcd the following The peUrs 
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showed chronic diffuse infiltration (Fig 10) The glomeruli showed al- 
terative glomeruhtis with here and there hemorrhages into the glomeruh 
The glomeruh were reduced in number The tubules were markedly di- 
lated, many of them were atrophic and contained pus The mterstitial 
tissue was infiltrated with lymphocytes The larger arteries showed a 
pronounced degree of productive endarteritis, the mtimal connective tissue 
stammg blue with the phloxm methylene blue stam (Fig 11) There was 
a marked degree of hj^ierplastic artenolosclerosis and necrotizing arte- 
nohtis A few of the arterioles showed granulomatous reactions 



Fig 11 Chronic Pyelonephritis Productive Endarteritis Thickened Intima 
Composed op Reticulap Connective Tissue X 100 


In this case pyelonephntis persisted over a period of 5 years Dur- 
ing this time the arterial hj'pertension became progressively severe, 
ending in a “malignant” phase 

Case 7 This 37-year-old married woman was first seen m 1928 m the 
prenatal chmc She gave a history of “kidney trouble” during previous 
pregnancies, which had ended m miscarriages At that time the heart 
was normal The urine contained large traces of alburmn and there were 
varjung numbers of white blood cells in the sediment The blood pressure 
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was 130 to 140 systolic and 90 diastobc In 1931 the patient complained 
of nervousness and the blood pressure was found to be 230/130 mm Hg 
In 1933 she developed headaches and there was decreased \TSion At that 
time there was puffiness of the evehds The discs of the evegrounds were 
blurred with patches of exudate and the artenes over the retina were tor- 
tuous The heart vas enlarged and the peripheral \essels were tortuous 
The blood pressure was 255/143 The urme contamed traces of albumm 
and the sediment, a few to many white blood cells and occasional red blood 
cells The non protem nitrogen of the blood was 100 mg The results of 
phenolsulphonphthalem tests ranged from 5 to 15 per cent m 2 hours 

In December, 1933 the patient returned to the hospital complaining of 
nervousness, easy fatigabihtj, mcreased frequencj of unnationand urgency 
There was some dj'spnea and itchmg of the skin While m the hospital 
the patient had a short generalized convulsion Physical findings were 
essentially the same as before The artenal pressure was 190/110 The 
urea clearance test was 7 per cent The non protem nitrogen dropped 
from 200 to 67 mg dunng her stay in the hoqiital and her general condition 
improved 

In May, 1934 the patient agam entered the hospital with swelling of 
the abdomen and of the ankles The ej’egrounds showed a se\ ere degree 
of neuroretmitis The heart was enlarged (11 5 cm ) The artenal pres- 
sure was 240/130 The urine contained albumm and white blood cells 
The hemoglobin was 48 per cent and the red blood cell count 2,600,000 
The non protein nitrogen was 113 mg and the carbon dioxide combmmg 
power 41 volumes per cent. The spinal fluid pressure was 280 mm H45 
Nine hundred cc of fluid were remoxed by thoracentesis 

In August, 1934 the patient entered the hospital the last time because 
of frank hemoptysis She complained also of palpitation of the heart, 
disturbed xnsion and xomltmg Physical findings were essentially un 
changed c.xcept for a pcncardinl friction rub The blood pressure \ aned 
between 220 and 240 systolic and between 110 and 140 diastolic In some 
specimens of unne there were few, m others man\ white blood cells, but 
there were no casts The hemoglobin ranged from 38 to 40 per cent, the 
red blood cell count from 1,900,000 to 2,000,000 and the white blood cell 
count from 6,300 to 11,700 The non protem nitrogen was between 140 
and 200 The carbon dioxide combining power was between 8 and 15 
'olumes per cent X rax examination of the lungs showed congcstixe 
changes. Unne culture contained B coh communis, staphylococcus albus 
and streptococcus xnridans The patient became comatose and died on 
October 11, 1934 
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Postmortem examination revealed the foUowmg essential findings 
The heart weighed 520 grams, with predominating left ventricular hyper- 
trophy The combmed weight of the kidneys was 64 grams The capsule 
was firmly adherent The pale surface was coarsely as well as finely 
irregular, with small and large depressed areas The cortex was 0 2 mm 
m width The vessels were prominent Both ureters were dilated, but 
there was no obstruction The bladder was normal 

Microscopic examination revealed evidence of chronic pyelonephritis 
There were pronounced inflammatory changes m the pelvis There was 
acute and chronic alterative glomeruhtis and, in addition, many of the 
glomeruh were sclerosed The tubules were dilated and contamed pus 
The interstitial tissue was markedly mcreased and was infiltrated with 
lymphocytes and plasma cells The larger arteries showed productive 
endarteritis and the arterioles showed hyperplastic artenolosclerosis and 
necrotizmg arteriohtis The renal capsules were thickened and infiltrated 
with lymphocytes 

Case 8 A 46-year-old marned female entered the hospital m July, 1934 
because of frontal headaches and blurred vision of 3 days’ duration Ever 
smce she could remember she had had frequency with nocturia four to five 
times Physical examination revealed slight tortuosity of the arteries, 
but otherwise normal eyegrounds The heart was shghtly enlarged and 
there was an accelerated aortic second sound The right kidney was 
palpable and shghtly tender The artenal pressure dropped from 260/160 
to 170/120 The urine at first contained albumin and shghtly mcreased 
numbers of white blood cells, but subsequent specimens were entirely nor- 
mal The phenolsulphonphthalein test was 40 per cent in 2 hours The 
concentration-dilution test varied between 1 006 and 1 012 The non- 
protem nitrogen was 34 and 36 mg per 100 cc of blood The red blood 
cell count was 3,000,000 and 3,200,000, and the hemoglobm 50 and 62 per 
cent The spinal fluid pressure was 480 and the Pandy test 2 plus A 
pyelogram revealed marked deformity of the left renal pelvis The right 
pelvis, calyces and upper part of the ureter were deformed X-rays of the 
heart and lungs were normal A diagnosis of chronic left pyelonephritis 
with abscess was made and nephrectomy was performed on August 29, 1934 

The capsule of the kidney stripped with ease, revealmg a pale, brownish 
surface from which projected yellowish elevations On section the cortex 
was found to measure 0 3 by 0 5 cm in width There were many abscesses 
m the cortical region, varying from 0 1 to 0 3 cm in diameter The pelvis 
and calyces were markedly dilated The mucosa of the pelvis was thick- 
ened, whitish m color and smooth 
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Microscopic eiamination showed healing p\ elonephntis iiith a consider- 
able amount of pus in the tubules, but no colloid casts '\bscesses were 
present and showed signs of organmation The glomeruli were normal 
The artenes showed a slight degree of productiie endartentis, and the 
artenoles a slight degree of hyperplastic artenolosclerosis (Fig 12) The 
interstitial tissue was acutelj inflamed and was infiltrated ivith poljmor- 
phonuclear leuk0C3des and with h’mphoc\'tes 
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Fiq 12 Case 8 Arttriolc trou Kidney Reuoi'ed Surgically Esslnti \ll\ 
Keoytivx FNCErr roR Suoirr Iktiltration or Cells in Its Wall and 
S uRROCN-DiNa Tissue X S50 


Folloiving discharge from the hospital in No\ ember, 1934, the patient 
resumed work In July, 1935 she dc\ eloped nausea, epigastnc fullness and 
orthopnea Phj’sical examination rcicaled marked neurorctinitis with 
exudates, hemorrhages and papilledema The blood pressure was 245/145 
The rest of the findings were unessential Speamens of urine obtained 
from the right ureter contained clumps of white blood cells A pjclogram 
repealed dilatation of the upper part of the right ureter (I ig 13) The 
phcnolsulphonphthalem test showed 5 per cent excretion in 2 hours The 



246 


SOMA MTEISS AND FREDERIC PARKER, JR 


non-protein nitrogen rose from 67 to 200 mg per 100 cc The patient fell 
mto coma and died m August, 1935 (Chart 1) 

Postmortem examination revealed the foUowmg pertment findmgs 
The heart weighed 465 grams and there was a moderate degree of hyper- 



Fig 13 Case 8 Pyelogeam of Right Kidney 


trophy of the left ventricle The nght kidney weighed 240 grams (moder- 
ately enlarged) The capsule stripped with shght difficulty, reveahng a 
pale, reddish-gray surface studded throughout with small, petechial hem- 
orrhages At the upper pole there were mffiary abscesses which, on section, 
were seen to extend mto the cortex and the medulla On cut section the 
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cortei, which was 1 1 cm in thickness, could scared} be differentiated 
from the medulla. The pdvis and calyces were markedly dilated and the 
walls showed areas of hemorrhage The papillae were markedl} reddened 
The ureter was dilated to a circumference of 2 cm to a pomt about halfwac 
down Its length, where it rather suddenly became reduced to a circumfer 
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Chart 1 Fhatcres or Cuvicai- Course rs Cast 8 


ence of 1 I cm From here to its entrance to the bladder it v*a 3 of normal 
517C Tlic mucosa of the bladder nas mirkcdlj injected 

Microscopic examination of the nght kidnc\ re\ealcd chronic p) clone 
phntis The peUns showed chronic inflammation The glomeruli were 
reduced in number and showed pronounced necrosis and aUcrall\c glomcr- 
ulitis The tubules were dilated, m the scars thc> were plugged with casts 


























248 


SOMA M^ISS AND FREDERIC PARKER, JR 


and, here and there, contained pus The interstitial tissue was infiltrated 
with polymorphonuclear leukocytes and with lymphocytes A pronounced 
degree of productive endarteritis, hyperplastic arteriolosclerosis and necrosis 
of the artenoles was present (Fig 14) 



Fig 14 Case S Arteriole from Kidney Obtained at Autopsy 
Hyperplastic Arteriolosclerosis X 550 


This case is of especial interest because of differences in the degree 
of vascular changes m the kidney removed surgically 1 year before 
death, and in the nght kidney observed postmortem 

Case 9 This 23-year-old marned female’s difficulties started m 1931 
mth an attack of acute pyelonephritis dunng pregnancy She had chiUs, 
fever, dysuna and frequency The blood pressure and the unne were 
normal in the early stage of pregnancj'-, but 2 weeks before term edema 
developed and the unne contamed a trace of albumm and a feu white 
blood cells The blood pressure was 142/108 The patient was admitted 
to the hospital m January, 1932 with shght dyspnea on exertion and edema 
of the extremities The artenal pressure was 164/126 Forceps uere 
used for dehvery because of the presence of “toxemia” of pregnancy 
Eight daxs after delivery the artenal pressure was 128/76 A cathetenzed 
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speameu of unne coutained a trace of albunun and more than 100 white 
blood cells per high power field The non protein nitrogen was 26 mg per 
100 cc 



Fig 15 Casc 9 ri'ELocRAM or Kirirr Kidnev 


Two months after dcli\ cr\ the patient suffered an attack of nghi lumbar 
pain which radiated, as a burning sensation, to the right groin She had 
feacr and chills, urgenca, frequenca and aomiting Thereafter attacks 
occurred at about monthla intera-als and lasted for S or 6 daas In Jan 
uara 1035 ihc patient rcturneil to the Gaaiccological Sera ice with com 
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plaints of dysuna and frequency Physical examination revealed tender- 
ness over the lumbar areas Urme culture yielded B coh Albumin was 
present and, m some specimens, clumps of white blood cells were observed 
The ureter specimens contained a moderately mcreased number of white 



Fig 16 Case 9 Pyelogram of Left Kidney 


blood cells On cystoscopic exammation the bladder appeared normal 
Pyelogram revealed defects of the upper portions of the pelvis and calyces, 
tortuosity and dilatation of the ureter on the right, and slight dilatation of 
the calyces on the left (Figs 15 and 16) The temperature ranged from 
99 to 100°F A diagnosis of acute (B coh) pyelonephritis was made 
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In May, 1935 the patient returned to the hospital forgeneral examination, 
without complamts The essential finding was blumng of the temporal 
aspects of the optic discs The heart was not enlarged, but the aortic 
second sound was nngmg The arterial pressure was elevated to between 
180 and 230 systolic and between 110 and 135 diastohc The unne con 
tamed a trace of albumm and m some specimens there was a shghtly in- 
creased number of white blood cells In the majonty of specimens, how- 
ever, the sediment was normal The concentration dilution test showed a 
fixation of 1 006 to 1 010 The phenolsulphonphthalein test was 35 per 
cent m 2 hours Urine culture jnelded B cob communis The blood non- 
protein nitrogen was 42 mg per 100 cc The red blood cell count was 
4,300,000, the hemoglobm 74 per cent and the white blood cell count from 
6,300 to 7,200 Cystoscopic exammation revealed some edema of the tn 
gone A urme specimen obtained from the nght ureter contamed 3 to 4 
white blood cells per high power field The unne from the left ureter was 
entirely normal The pyelogram showed a filhng defect of the supenor 
major calyx and some retention of the minor calj ces The patient remained 
asymptomatic and afebnle dunng hospitalization 

In August, 1935 the patient returned to the hospital because of blurred 
vision For a month she had been unable to read Attacks of severe 
headache and vomiting developed Frequency of urmation was present 
day and night On physical examination there was puffiness under the 
eyes There was papilledema with tortuosity of the veins and white 
exudates of the eyegrounds The heart was shghtly enlarged The rate 
was 140 and regular There was a blowing systohc murmur over the apev 
The arterial pressure usually fluctuated around 250/190, at times it dropped 
lower There was tenderness over the left kidney X-ray examination 
on admission showed the cardiac diameters to be barelv within the lunits 
of normal, but 12 weeks later they were enlarged (Figs 17 and 18) The 
specific gravity of the unne was between 1 007 and 1 009 There was a 
trace of albumin and in some of the speamens 20 to 50 white blood cells 
PO' high power field Unne cultures yielded B coh communis and diph 
thcroid organisms The phenolsulphonphthalein test on entrance, and 
nbo a few days before death, was 10 per cent in 2 hours The Kahn test 
ol the blood was negativ c There was progressiv e anemia, reaching a lev cl 
2/100,000 to 3,000,000 red blood cells and 44 per cent hemoglobin The 
'^hite blood cell count was usuallv normal, but on two occasions it was 
>5,000 The non protein nitrogen fluctuitcd between 60 and 98 mg per 
1^90 a The electrocardiogram indicated changes consistent with severe 
''I’pertension and “myocardial disease ’ Examination of the spinal fluid 
*>'owed a pressure of 300 and increased protein content On August 16 
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a cystoscopic exammation revealed edema around the trigone A specimen 
of urine from the right ureter contamed 20 to 30 clumped white blood cells 
per high power field, a specimen from the left showed no white blood cells 
On August 20, however, the ureter specimens were normal The tempera- 



Fig 17 Case 9 Roentgenogram of Heart, May 14, 1935 


ture was essentially normal Toward the end of her 6 weeks’ stay m the 
hospital the patient became blind, developed attacks of vomiting and con- 
Amlsions, lapsed into coma and died (Chart 2) 

Postmortem examination was restricted to examination of the kidneys 
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The nght kidnej weighed 55 grams and the left 58 grams The surface 
of the nght kidney was nodular and irregular, and contained depressed 
areas (Fig 19) The ureter emerged from the lower pole The capsule 
stnpp^ with difBcult> and re\ealed a shnveled, granular surface with 



Fio IS Ctsc 9 Rocntciinocram or Ueakt Acocst 9 1035 


two large raised areas, corered hj a finer granular surface The cut 
section showed marked irrcgularita and atrophy of the cortex, which was 
obliterated in \-anous places and measured onU 2 or 3 mm in others (Tig 
2fl) The pjTamids were small and distorted, wath marked scarring The 
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a cystoscopic examination revealed edema around the trigone A specunen 
of urine from the nght ureter contamed 20 to 30 clumped white blood cells 
per high power field, a specimen from the left showed no white blood cells 
On August 20, however, the ureter specimens were normal The tempera- 



Fig 17 Case 9 Roentgenogram of Heart, Max 14, 1935 


lure was essentially normal Toward the end of her 6 weeks’ stay m the 
hospital the patient became blmd, developed attacks of vomitmg and con- 
vulsions, lapsed into coma and died (Chart 2) 

Postmortem examination was restricted to examination of the kidneys 



Fio 18 C\sn 9 KoEXTcrsooRAii or IIeaet, August 9 1935 


*''’0 large raised areas, co\ered b\ a finer granular surface The cut 
^tion showed marked irrcguIanU and alroph\ of the cortex, \ hich was 
''anous places and measured onU 2 or 3 mm in others (Tig 
e p>*ramids were small and distorted, \eith marked *^mng The 
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Fig 19 Case 9 Gross Aprearance of Kidnevs 
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pelvis was dilated and distorted The left kidnej presented essenballj 
the same picture as the right 

Microscopic ejaimnation showed chrome pjelonephntis The glomer- 
ii1i showed some necrosis and alterative glomenihtis There was a pro- 
nounced degree of sclerosis over certam areas The majontj of the tubules 
were plugged with casts, those remaming were dilated In some areas the 
tubules contained pus The mterstitial tissue was increased and showed 
chrome inflammation with a marked degree of infiltration wnth Ijanphoc) tes 
and with eosinophils There was a pronounced degree of productiv e end- 
artentis and also severe hj’perplastic artenolosclerosis Some artenoles 
were necrotic and a few showed hjahne degeneration The v ascular changes 
were parhcularl> pronounced m the pvelonephntic scars 



Fig 20 Case 9 Gross iVppearance of Cross Section of Kidneys 

Case 10 An IS-j ear-old girl entered the hospital complaining of bleed- 
ing gums She had suffered from numerous attacks of sore throat Dunng 
the past 4 or 5 jears she had suffered from dvspnca on exertion and fa 
tigabilit} Hemorrhages of the retina and tortuositj of the vessels were 
present There was a diffuse apex impulse with a gallop rhv Him ov er the 
mitral area, where a sjstolic murmur was heard The artenal pressure was 
220/130 Tlic unne contained a trace of albumin and manv free and 
clumped white blood cells The specific gravniv vaned between 1 006 and 
1 012 The blood non protem nitrogen ranged between 171 and 258 mg 
The blood Wassermann was negative TIic paUent died of uremia 2 weeks 
after admission 

Postmortem examination revealed the followang essential findings 
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The heart weighed 320 grams and there was shght hypertrophy of the left 
ventricle The left kidney weighed 38 grams, and the right 23 grams 
The capsule stripped with difficulty, exposmg an irregular, pearly white 
surface The cortex was so narrow as to be almost unrecognizable, aver- 
agmg not more than 1 mm m thickness The pyramids were contracted 
The pelvis of the right kidney was thickened and moderately enlarged 
The ureters were normal The mucosa of the bladder, except for small 
hemorrhages, was normal 

Histologic exammation of the kidneys revealed a shght degree of al- 
terative glomeruhtis The tubules were dilated and contained pus A 
relatively small number of tubules were occluded with casts The inter- 
stitial tissue was mfiltrated diffusely with lymphocytes and with poly- 
morphonuclear leukocytes There was a shght degree of productive end- 
arteritis and a moderate degree of hyperplastic arteriolosclerosis The 
histologic diagnosis rested between chrome and recurrent acute pyelone- 
phntis 


Healed pyelonephritis 

The chmeal diagnosis of healed pyelonephritis offers special diffi- 
culty In the majonty of instances this is but the end stage of acute 
focal pyelonephritis (pyehtis) of short duration Such small pyelo- 
nephntic scars are usually of no chnical significance, as is mdicated 
by the frequency of their “accidental” discovery durmg routme post- 
mortem examination These scars may be compared to the small 
healed tuberculous lesions found m the lungs Cases with such local- 
ized lesions were not included in the senes studied There are, on the 
other hand, an appreciable number of patients who, after suffering 
from chronic or from repeated attacks of acute pyelonephntis, ap- 
parently recover, but who, usually after a penod of years, develop 
artenal hypertension, with or without symptomatic renal impair- 
ment In a smaller group renal failure with uremia but without 
arterial hypertension ultimately develops For years some of these 
patients may have shght puffiness of the face, saUow complexions and 
dry skin At tunes they are young persons with retarded physical 
development Severe edema without cardiac comphcation is rare 
There is a tendenc)'^ to a moderate degree of anemia Impairment of 
the concentration and dilution capacities of the kidney is frequent 
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The urea clearance test is often low, frequenth without retention 
of nitrogenous waste products in the blood Evidence of unnar\ 
infection is lackmg There maj be a historv of unnan infections 
and of albummuna in the past Increased numbers of white cells 
maj be present in the unne from time to time, but in man\ instances 
even repeated counts (Addis) of the white cells fail to reveal abnormal 
elevation The pjelogram ma> show deformities of the pehes, 
calyces and ureters, frequently, however, there arc no changes, as 
also indicated by the postmortem examination Not infrcquentlx the 
disease remains unrecognized until sy mptoms of uremia call attention 
to the rapid approach of the fatal terminal stage 
If the artenal pressure is markedly elevated the usual mamfcstations 
and complications of sex ere hypertension may develop, such as head- 
aches, vertigo, vascular cnsis, ey aground changes and elevation in 
the spmal fluid pressure, often wnth increased protein content of the 
spinal fluid Elevation in the spinal fluid pressure is apt to be asso 
aated with albuminuric retinitis, vascular cnsis and uremia Coro 
nary disease or thrombosis did not occur in our group, notwithstanding 
the seventv of the artenal hypertension Postmortem examination 
also failed to show a pronounced degree of coronary disease Sim- 
ilarly , intracerebral hemorrhage did not develop The cause of death 
was usually uremia or cerebral cnsis, and seldom cardiac failure 
The progression of the disease in the healed stage shows great vana- 
tion For years the condition of the patient max remain stationarv 
The development of severe hvpertension is, however, usually of grav'c 
prognostic significance Frcqucntlv it further accentuates the pro 
viouslv existing renal damage 

As a rule the clinical diagnosis of healed pvclonephntis can be 
established wnth onlv a fair degree of probability The histon of 
attacks of pycloncphntis and anatomic abnormalities of the unnarv 
tract favor this diagnosis Toxemia of pregnancy occurs relatively 
frequenth ‘\bsencc of a historv of glomcrulonephntis also represents 
indirect supporting cvndcnce Children and, at times, young adults 
with healed pyelonephritis are underv eloped and hive changes in the 
bones (renal nekets hv perparathv roidism) or in the distnbution of 
the fat tissue, as well ns in the carliohv dmte metabolism (diabetes) 
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(23, 24, 25) In patients with hypertension with good or fair renal 
function and with inadequate history the diagnosis is particularly 
difficult and often cannot be established with any degree of certainty 
The progression of structural lesions is characterized by the fact 
that, although the infectious process has healed, the chronic inflam- 
matory tissue reactions often continue, causing progressive damage 
to the nephrons and to the vessels 

Grossly the kidneys are usually reduced m size and show multiple 
scars in the cortex Between the scars there are often nodular areas 
There is a reduction in the thickness of the cortex and an increase in 
connective tissue m the scarred regions The walls of the calyces 
and pelvis are thickened and may or may not be dilated In some 
instances the calyces and pelvis are contracted The vanation m 
size of the two kidneys, associated with irregular-sized scars, differ- 
entiates this type of kidney disease from nephrosclerosis and glo- 
merulonephritis Occasionally, the appearance of a kidney with 
multiple healed infarcts resembles that of healed pyelonephritis 
Microscopically, in the scarred areas the tubules are filled with 
coUoid casts, which are mdicative of nonfunctiomng nephrons The 
connective tissue is increased and is infiltrated with lymphocytes and 
plasma cells The glomeruh often show a concentnc increase m 
connective tissue of the capsules or may be partially or completely 
sclerosed Glomerulitis is present if renal failure existed dunng 
Me Changes in the vessels in such scarred areas wiU be described 
later Between scarred and nonfunctiomng areas and correspondmg 
to the nodular areas noted grossly there is dilatation of tubules, 
presumably of a compensatory nature There is usually a fibrous 
thickemng of the kidney capsule, which m addition is infiltrated with 
lymphocytes and plasma cells The wall of the pelvis is thickened 
owmg to an increase in connective tissue and is infiltrated with lympho- 
cytes and plasma cells In some mstances there may be formation 
of lymphoid nodules with active germinal centers 

While the histologic diagnosis of pyelonephritis in the active stage 
rarely presents anj'^ difficulty, m the healed stage it is often difficult 
to determme whether one is dealmg with a healed pyelonephritis with 
associated vascular changes or with a primary vascular kidney disease 
In making a histologic differential diagnosis between the two con- 
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(23, 24, 25) In patients with hypertension with good or fair renal 
function and with inadequate history the diagnosis is particularly 
difficult and often cannot be estabhshed with any degree of certainty 
The progression of structural lesions is characterized by the fact 
that, although the infectious process has healed, the chronic inflam- 
matory tissue reactions often continue, causing progressive damage 
to the nephrons and to the vessels 

Grossly the kidneys are usually reduced m size and show multiple 
scars m the cortex Between the scars there are often nodular areas 
There is a reduction m the thickness of the cortex and an increase m 
connective tissue m the scarred regions The walls of the calyces 
and pelvis are thickened and may or may not be dilated In some 
mstances the calyces and pelvis are contracted The vanation m 
size of the two kidneys, associated with irregular-sized scars, difier- 
entiates this type of kidney disease from nephrosclerosis and glo- 
merulonephritis Occasionally, the appearance of a kidney with 
multiple healed infarcts resembles that of healed pyelonephritis 
Microscopically, m the scarred areas the tubules are filled with 
colloid casts, which are mdicative of nonfunctionmg nephrons The 
connective tissue is increased and is infiltrated with lymphocytes and 
plasma cells The glomeruh often show a concentric increase m 
connective tissue of the capsules or may be partially or completely 
sclerosed Glomeruhtis is present if renal failure existed durmg 
hfe Changes m the vessels m such scarred areas wfll be described 
later Between scarred and nonfunctionmg areas and correspondmg 
to the nodular areas noted grossly there is dilatation of tubules, 
presumably of a compensatory nature There is usually a fibrous 
thickenmg of the kidney capsule, which m addition is infiltrated with 
lymphocytes and plasma cells The wall of the pelvis is thickened 
owing to an mcrease m connective tissue and is infil trated with lympho- 
cytes and plasma cells In some mstances there may be formation 
of lymphoid nodules with active ger min al centers 

While the histologic diagnosis of pyelonephritis m the active stage 
rarely presents any difficulty, in the healed stage it is often difficult 
to determine whether one is dealmg with a healed pyelonephritis with 
associated vascular changes or with a pnmary vascular kidney disease 
In makmg a histologic differential diagnosis between the two con- 
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systems were normal The st'stohc blood pressure was 110 to 120 and the 
diastohc 80 to 85 Numerous specimens of urme failed to show abnormal 
findmgs The Kahn test of the blood was negative The non protein 
nitrogen was 37 mg pier 100 cc 

In 1936 the piaUent was readnutted with attacks of “renal cohc ” Four- 
teen months previous to this admission he first expienenced piamful and 
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burning urination He had chills and fc\cr and piasscd bloody unne, but 
recoicred from this attack withm a few days Three months later ht had 
a similar attack and at that time a diagnosis of bilateral renal calculi was 
made He felt well for about 2 months, he then had recurrence of piain, 
hematuria and fe\cr Eiaminalion revealed some tenderness over both 
kidne>a and elevated arterial pressure -Vt this time the non protein ni 
Irogcn of the blood was 104 mg and the phenolsulphonphthalem teat was 
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blood non-protem nitrogen vaxied between 30 and 44 mg per 100 cc 
The hemoglobm was 90 per cent and the white blood cell count 14,000 to 
15,000 The blood Kahn was negative Because a brain tumor was 
suspected by the neurologic consultants, repeated lumbar taps were done 
The spinal fluid pressure on these occasions was 450, 380 and 390 mm 
HoO, respectively The abdommal distress became worse and the patient 
died of circulatory collapse 

Postmortem examination revealed the following essential findings 
The heart weighed 230 grams (normal 124 grams) The left ventncular 
wall was hypertrophied The serosal surface of most of the ileum was duU 
and covered with fibrm The wall was fnable and its color was purple and 
grayish-white The mucosa was brown m some places and brownish- 
green m others There were several ulcerated areas The left kidney 
weighed 10 grams, the nght 110 grams (normal 95 grams) The surface 
showed yeUowish-white areas The right cortex was 6 to 8 mm and the 
left 1 to 1 5 mm m thickness The pelvis of the left kidney was shghtly 
dilated The left ureter was normal in size, the nght shghtly dilated The 
renal artery on the left side was small The bladder was normal 

Microscopic exammation of the kidneys revealed the foUowmg The pelvis 
of the left kidney showed a pronoimced degree of chronic inflammation 
The tubules were markedly dilated and the majority were filled with colloid 
casts, no pus was present Only a few glomeruh were present The in- 
terstitial tissue was mcreased and showed a moderate degree of lymphocytic 
infiltration The larger arteries showed pronounced productive endar- 
teritis, while the arterioles showed advanced hyperplastic artenolosclerosis 
and some necrotizmg arteriohtis The right kidney showed no evidence of 
pyelonephntis, but the vascular changes were similar to those m the left 
kidney, though less severe 

This case is of interest because it shows the association of healed 
unilateral pyelonephntis in a 12-year-old girl with mahgnant hyper- 
tension and nephrosclerosis The changes in the right kidney were 
in a relatively early stage, because death was caused by infarction of 
the bowels and not by uremia 

Case 12 This 39-year-old male was first admitted to the hospital in 
1929 because of acute alcohohsm His blood pressure was normal (110/ 64) 
In 1934 he was readmitted, suffermg from chrome alcohohsm and pellagra 
At that time he had had nocturia four to five tunes, but gave no history of 
dysuria, hematuria or pyuria The cardiovascular and gemtourmary 
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elevated areas projecting about 3 mm above the kidnej surface Cut 
section revealed a light-red cortex which measured approxunatelj 2 mm 
m depth except where the plateau like islands of hyperplasia made it 5 
mm The pyraimds were poorly defined agamst the light red background 



Fig 21 C\sl 12 Pvclocr,\h of Right Kjdnei 


In the anterior half of the kidne> was embedded a dark brown stone The 
capsule of the left kulney stripped with case, rc\caling a smooth, irregular 
surface. Tlie cortex measurexl approximately 3 mm in depth In the 
poatenor half, at the base of one poorly defined pyramid, was a small, 
sfihcncal stone \i the inferior (wlc there was a * stag horn” stone, mcasur 
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10 per cent m 2 hours When the patient was placed on forced fliud intake 
the non-protein nitrogen fell and the phenolsulphonphthalein test rose to 
50 per cent in 2 hours The calcium level on two occasions was normal and 
the phosphorus shghtly elevated X-ray of the long bones revealed a 
cyst-hke structure in the right femur which was thought not to be osteitis 
fibrosa cystica During his stay m the hospital the patient felt comfortable 
X-ray revealed shght hypertensive defornuty of the heart Other perti- 
nent findings are indicated on Chart 3 Diagnoses of pyelonephritis and 
renal calcuh were made 

FoUowmg his discharge in September, 1936 the patient felt fairly com- 
fortable until June, 1937, when he developed edema of the ankles, bilateral 
flank pam radiating to the groin, frequency and nocturia His face began 
to be puffy in the mormng FoUowmg a respiratory infection he became 
dyspneic on exertion He reentered the hospital in July, 1937 with dyspnea 
and lumbar pam There was mild bilateral papiUedema with white scars 
on the right disc The heart was shghtly enlarged and the aortic second 
sound was accentuated The abdomen was distended with ascites Some 
of the findings are presented on Chart 3 Urine cultures on several oc- 
casions soon after entrance showed B coh communis The Hinton test 
of the blood was negative The total protein of the blood was 5 7 and S 5 
grams with an albumm-globuhn ratio of 1 3 and 1 6, respectively The 
blood serum calcium was 8 6, 8 2 and 7 2 and the phosphorus 5 4, 7 2 and 
7 2 mg per 100 cc , respectively The carbon dioxide combinmg power of 
the blood dropped from 30 to 15 volumes per cent X-ray exammations 
revealed kidney stones (Figs 21 and 22) and a smaU cyst m the neck of 
the femur The electrocardiogram showed changes consistent with hy- 
pertensive heart disease 

The patient was placed on a high carbohydrate, salt-free diet His 
condition showed considerable fluctuation Three weeks before death a 
harsh friction rub was heard over the precordium Vomiting and head- 
aches developed He had several attacks of paroxysmal dyspnea with 
pulmonary edema In October, 1937, the day before his death, he de- 
veloped a chiU and abdominal tenderness His temperature rose to 101 5°F 
and a blood culture was positive for streptococcus hemolyticus 

The essential findings at portmortem examination were as foUows 
The pericardium was thickened and the cavity contamed approximately 
500 cc of thick, bloody fluid The left ventricle was moderately hjqier- 
trophied Acute peritomtis was present The combmed weight of the 
kidneys was 240 grams The capsule of the right kidney stripped with ease, 
reveahng a uniformly granular surface upon which there were flat-topped. 
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elevated areas projecting about 3 mm above the kidne> surface Cut 
section revealed a light-red cortex which measured approxmiatel> 2 mm 
in depth except where the plateau like islands of hyperplasia made it 5 
mm The pyramids were poorly defined agamst the light red background 



Fic 21 CvsL 12 I'yeux^rau or Kiout Kidney 


In the anterior half of the kidnc> was embedded a dark brown stone The 
capsule of the left kidnej stripped with ease, revcalmg a smooth, irregular 
surface The cortex measured approximalcl> 3 mm m depth In the 
posterior half, at the base of one [K)orI> defined p\nimid, was a small, 
spherical stone \i the in/enor pole there was a ‘*stag horn’* stone, mcasur- 
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10 per cent m 2 hours When the patient was placed on forced fluid intake 
the non-protein nitrogen fell and the phenolsulphonphthalein test rose to 
50 per cent in 2 hours The calcium level on two occasions was normal and 
the phosphorus shghtly elevated X-ray of the long bones revealed a 
cyst-like structure in the nght femur which was thought not to be osteitis 
fibrosa cystica. During his stay in the hospital the patient felt comfortable 
X-ray revealed shght hypertensive deformity of the heart Other perti- 
nent findmgs are mdicated on Chart 3 Diagnoses of pyelonephritis and 
renal calcuh were made 

Following his discharge in September, 1936 the patient felt fairly com- 
fortable until June, 1937, when he developed edema of the ankles, bilateral 
flank pain radiatmg to the grom, frequency and nocturia His face began 
to be puffy in the morning FoUowmg a respiratory infection he became 
dyspneic on exertion He reentered the hospital in July, 1937 with dyspnea 
and lumbar pam There was mild bilateral papiUedema with white scars 
on the right disc The heart was shghtly enlarged and the aortic second 
sound was accentuated The abdomen was distended with ascites Some 
of the fijidmgs are presented on Chart 3 Unne cultures on several oc- 
casions soon after entrance showed B coh commums The Hinton test 
of the blood was negative The total protem of the blood was 5 7 and 5 5 
grams with an albumm-globulm ratio of 1 3 and 1 6, respectively The 
blood serum calcium was 8 6, 8 2 and 7 2 and the phosphorus 5 4, 7 2 and 
7 2 mg per 100 cc , respectively The carbon dioxide combmmg power of 
the blood dropped from 30 to 15 volumes per cent X-ray exammations 
revealed kidney stones (Figs 21 and 22) and a small cyst m the neck of 
the femur The electrocardiogram showed changes consistent with hy- 
pertensive heart disease 

The patient was placed on a high carbohydrate, salt-free diet His 
condition showed considerable fluctuation Three weeks before death a 
harsh friction rub was heard over the precordium Vomiting and head- 
aches developed He had several attacks of paroxysmal dyspnea with 
pulmonary edema In October, 1937, the day before his death, he de- 
veloped a dull and abdormnal tenderness His temperature rose to 101 5°F 
and a blood culture was positive for streptococcus hemolyticus 

The essential findmgs at portmortem exammation were as follows 
The pericardium was thickened and the cavity contamed approximately 
500 cc of thick, bloody fluid The left ventricle was moderately hjqier- 
trophied Acute peritonitis was present The combmed weight of the 
kidneys was 240 grams The capsule of the right kidney stripped with ease, 
revealmg a uniformly granular surface upon which there were flat-topped. 
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elevated areas projecting about 3 mm above the kidnej surface Cut 
section revealed a bght red cortex which measured approximately 2 mm 
m depth except where the plateau like islands of hyperplasia made it 5 
mm The pyramids were poorly defined against the light red background 


Fio 21 CvsE 12. PvEiocicui or Right Kidsxi 

In the anterior half of the kidney ivas embedded a dark broivn stone. The 
capsule of the left kidney stopped with case, reiealmg a smooth, irregular 
surface The cortex measured approximately 3 mm m depth In the 
postenor half, at the base of one poorly defined pyTamid, was a small 
spherical stone At the inferior pole there was a “stag horn” stone measur 
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10 per cent m 2 hours When the patient was placed on forced fluid intake 
the non-protein nitrogen fell and the phenolsulphonphthalein test rose to 
50 per cent m 2 hours The calcium level on two occasions was normal and 
the phosphorus shghtly elevated X-ray of the long bones revealed a 
cyst-hke structure in the right femur which was thought not to be osteitis 
fibrosa cystica During his stay in the hospital the patient felt comfortable 
X-ray revealed shght hypertensive deformity of the heart Other perti- 
nent findmgs are mdicated on Chart 3 Diagnoses of pyelonephntis and 
renal calcuh were made 

Followmg his discharge m September, 1936 the patient felt fairly com- 
fortable untfl June, 1937, when he developed edema of the ankles, bilateral 
flank pain radiatmg to the groin, frequency and nocturia His face began 
to be puffy m the mormng Followmg a respiratory infection he became 
dyspneic on exertion He reentered the hospital m July, 1937 with dyspnea 
and lumbar pam There was mild bilateral papiUedema with white scars 
on the right disc The heart was shghtly enlarged and the aortic second 
sound was accentuated The abdomen was distended with ascites Some 
of the findmgs are presented on Chart 3 Urme cultures on several oc- 
casions soon after entrance showed B coh communis The Hinton test 
of the blood was negative The total protein of the blood was 5 7 and 5 5 
grams with an albumm-globuhn ratio of 1 3 and 1 6, respectively The 
blood serum calcium was 8 6, 8 2 and 7 2 and the phosphorus 5 4, 7 2 and 
7 2 mg per 100 cc , respectively The carbon dioxide combimng power of 
the blood dropped from 30 to 15 volumes per cent X-ray exammations 
revealed kidney stones (Figs 21 and 22) and a small cyst m the neck of 
the femur The electrocardiogram showed changes consistent with hy- 
pertensive heart disease 

The patient was placed on a high carbohydrate, salt-free diet His 
condition showed considerable fluctuation Three weeks before death a 
harsh friction rub was heard over the precordium Vomitmg and head- 
aches developed He had several attacks of paroxysmal dyspnea with 
pulmonary edema In October, 1937, the day before his death, he de- 
veloped a chill and abdominal tenderness His temperature rose to 101 5°F 
and a blood culture was positive for streptococcus hemolyticus 

The essential findmgs at portmortem examination were as follows 
The pericardium was thickened and the cavity contamed approximately 
500 cc of thick, bloody fluid The left ventricle was moderately hyper- 
trophied Acute peritomtis was present The combmed weight of the 
kidneys was 240 grams The capsule of the right kidney stripped with ease, 
revealing a uniformly granular surface upon which there were flat-topped, 
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elevated areas projecting about 3 mm above the kidne> surface Cut 
section revealed a light-red cortex which measured approxunately 2 mm^ 
in depth except where the plateau-like islands of hyperplasia made it a 
mm The pyramids were poorly defined agamst the hght-red background 



Fio 21 Case 12 l»YEto(;i[AU or Ricitr Kidnev 


In the anterior half of the kidnev lias embedded a dark brown stone The 
capsule of the left kidne> stripped with case, resealuig a smooth, irregular 
surface The cortex measured approxunatel> 3 mm in dejith In the 
postenor half, at the base of one poorlv defined p>ramid, was a small 
sphencal stone M the inferior pole there was a ‘ stag horn" stone, measur- 
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mg approximately 2 5 cm m diameter The average circumference of the 
ureters was 1 5 cm On the right, at the junction of the upper third with 
the lower portion, was a brown, cylmdrical stone about 1 cm m length which 



Fig 22 Case 12 Pyelograii or Left Kidney and Renal Stones Over Right 

failed to occlude the lumen (Fig 23) The left ureter contamed no stone 
The anatomic diagnoses were bilateral chronic pyelonephritis and neph- 
rohthiasis 

Histologic exammation of the kidneys revealed healed pyelonephritis 
The pelvis showed severe chrome inflammation There was diffuse scar 
tissue throughout the kidney paranchyma The glomeruh were shghtly 
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reduced m number Jlany showed penglomendar fibrosis, only a few 
showed alterative glomeruUtis and sclerosis There were no necrosed 
glomenih The tubules were occluded by casts and practicall) no func- 
tioning tubules were present The arteries showed an unusually advanced 
degree of productive endartenlis There was also a pronounced degree of 
hyperplastic arteriolosclerosis, but no necrosis of the arterioles was seen 
A few of the arterioles showed hyaline degeneration The interstitial tissue 


tic 23 Case 12 Gross Appeaea-ncc or Kidsevs. LrreguIvUI Scaerlso of Outer 
S uKFAcn OF Rioirr ICidve\ Rcnac Stones v^D of Cut 

SuBFAcc OF Left Kidnx\ Rjout Ureteilvl Stones (Middle) 

was increased and showed CMdencc of a severe degree of chronic inllamraa 
lion 

Case 13 A 19 >car-old single female entered the hospital in May, 1937, 
complaining of “difficulti in breathmg” hAcr since earlj childhood she 
had been below par In childhood she suffered from scarlet fc\ cr, frequent 
sore throats inllucnEa and bronchopneumonia, and was told that she had 
kidne> trouble Three jears prceious to her admission she developed 
edema of the ankles and dyspnea on exertion For 9 months she had had 
visual diQicultv, for ? months puffincss under the eves and for 2 weeks 
attacks of sniothenng 
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Soon after entering the hospital the patient developed a convulsion and 
lapsed into coma There was a blowing systohc murmur The artenal 
pressure was 245/215 There were bilateral Babmski and Oppenheim 
signs The urme contamed a heavy trace of albunun but the sediment was 
negative The red blood ceU count was 2,900,000 and the hemoglobin 
56 per cent The non-protein mtrogen was 200 mg The spmal fluid 
pressure was 285 The patient died withm 24 hours after onset of con- 
vulsions The diagnoses were chronic nephritis and hypertension 



Fig 24 Case 13 Gross Appearance of Kidneys Renal Rickets Type Right 
Kidney Weighed 20 Grams and Left, 40 Grams 

Postmortem examination revealed the following essential findmgs 
The heart weighed 290 grams The combmed weight of the kidneys was 
60 grams (Fig 24) The capsules stripped fairly easily The left kidney 
was about twice the size of the right The lower pole of the left kidney 
showed but a small amount of cortex and medulla remammg The surface 
was coarsely and finely irregular Crossing these elevations were many 
hnear scars The cut surface of the left kidney showed a pale, gray-pink 
cortex, poorly demarcated from the deeper pink medulla Toward the 
lower pole the cortex was irregular, 0 2 to 0 5 cm in width, and only a very 
small amount of meduUa was present The right kidney was similar to 
the left, but was about one-half the size The lower pole was almost 
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Fig 27 Case 13 Scarred Area Hyperplastic Arteriolosclerosis Tubules 

Contain Colloid Casts X 300 



Fig 28 Case 13 Arterioles ^vnd Tubules in Nonscarred Area Essentially 

Negative X 300 
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entirely absent The cortex and medulla were very t hin The pelves and 
ureters and the bladder were normal 

Microscopic examination of the nght bdne> showed healed pyelone- 
phritis The pelvis was infiltrated with lymphocytes No funcUonmg 
gbmeruh were present, all were sclerosed The tubules showed marked 
dilatation and they were occluded by casts The mterstitial tissue was 
infiltrated with lymphocytes There was a severe degree of diffuse pro- 
ductive endarteritis and hyperplastic artenolosclerosis Some of the ar- 
terioles showed necrosis The changes in the left kidney were essentially 
the same, but some functiomng glomeruh were present and the number of 
occluded glomeruh was relatively small Some of the tubules contamed 
pus The vascular changes were less pronounced and necrosis of the ar- 
terioles was not present- The adrenals were normal (Figs 25, 26, 27 and 28) 

Core 14 A 26-year-old mamed female entered the hospital m Januar> , 
1935, complaimng of vomitmg and of attacks of convulsions She had 
suffered from frequent sore throats until the age of 13, when tonsiUectomj 
was performed She had always had dyspnea on exertion At the age of 
19 she developed rheumatic feier and was bedridden for 7 months She 
was told at that time that she had high blood pressure One month 
before her entrance mto the hospital she had an hemoptysis Tno days 
prior to admission she became suddenlj unconsaous while talking There 
was no defimte history of pyuna, but there had been nocturia m the past 

On examination there were a few patches of white exudate over the 
eyegrounds The heart was moderately enlarged, a pres>stohc thrill and 
murmur were present over the apex and a diastohc murmur over the aortic 
area The systohe arterial pressure was 200 to 240 and the diastolic 110 
to 125 The unne contamed alburam, but otherwise It was negative The 
red blood cell count was 4,000,000 and the hemoglobm 70 per cent The 
non protein mtrogen was 34 mg per 100 cc The phcnolsulphonphthalein 
test was 30 per cent in 2 hours. The concentration dilution test showed 
a variation m specific gravit) from 1 004 to 1 010 The patient improved 
while in the hospital The diagnoses were rheumatic heart disease and 
malignant nephrosclerosis with vascular crisis. 

The patient was followed in the Outpatient Department between Feb 
ruary and September, 1935 She suffered from headaches, from increasing 
djspnea on exertion and from more pronounced noctuna fhe arterial 
pressure lluctuated between 220 and 240 sj-stolic and between 120 and loO 
diastohc. In September, 1935 she dev elopcil attacks of paroxvsmal dv'sp- 
nea and again entere-d the hospital Phjsical examination revealed es- 
sentiallj the same findings as before The arterial pressure vaned between 
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200 and 255 systolic and between 120 and 140 diastolic The urine con- 
tained albumin and, on three occasions, clumps of white blood cells The 
red blood cell count varied between 3,600,000 and 2,100,000 The phenol- 
sulphonphthalem test was 3 per cent m 2 hours The non-protem mtrogen 
rose from 67 to 235 m the course of 4 weeks The patient gradually lapsed 
into coma The diagnoses were rheumatic heart disease, pyelonephntis 
with arterial hypertension and with cardiac asthma 

Postmortem exammation revealed the following essential findings 
The heart weighed 400 grams The mitral valve was thickened along the 
margm The chordae tendmeae were thickened and shghtly shortened 
The aortic valves were thickened The lungs were congested The com- 
bined weight of the kidneys was 100 grams The capsule stripped with 
some difficulty The surface was nregularly granular with depressed scars 
The cut surface revealed a thm, irregular, pale-red cortex and scarred, red, 
indistinct pyramids The pelves, ureters and bladder were normal The 
anatomic diagnoses were healed rheumatic heart disease and bilateral 
pyelonephntis 

Microscopic examination of the kidneys revealed healed pyelonephritis 
with vascular changes There was some alterative glomerulitis and marked 
sclerosis of the glomeruli There was pronounced dilatation of the tubules 
with numerous casts The mterstitial tissue was increased and showed 
chronic inflammation The vascular changes consisted in productive 
endarteritis and a pronounced degree of hj^erplastic arteriolosclerosis 

Case 15 This 24-year-old married female entered the hospital m May, 
1935, complainmg of difficulty in breathmg (“smothermg sensations”) 
and recurrent failure of eyesight Ever since early childhood she had been 
below par and had frequently suffered from severe headaches Her best 
weight was 90 pounds Her first pregnancy, 4 years previous to adnussion, 
ended prematurely Her second pregnancy, 1 year later, ended at the 
sixth month, and the patient was told that she had high blood pressure and 
albununuria Following dehvery the albunun disappeared and her blood 
pressure became lower For 3 years thereafter the patient felt well except 
for headaches Early in 1935 she was sent to a hospital for 2 weeks because 
of blurred vision She was told that she had albummuria and a blood 
pressure of “250 ” Two weeks previous to her admission she became nerv- 
ous and developed numbness over the arms and legs 

On physical exammation the patient showed marked pallor with sbght 
puffiness under the eyes There was bilateral papilledema with numerous 
white scars The heart was not enlarged The aortic second sound was 
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greater than the pulmonic second sound The blood pressure \aned from 
190/140 to 250/150 The vems of the neck and of the chest w ere distended 
The specific gravity of the unne varied from 1 006 to 1 012 The sediment 
contamed from 10 to 20 or more white blood cells per high power field, ivith, 
at times, 2 to 3 red blood cells There were occasional granular casts 
The red blood cell count was 1,400,000 and the hemoglobin 35 per cent 
The Kahn test of the blood was negative The non protein nitrogen w as 
150 to 187 mg per 100 cc of blood The spinal fluid pressure was 350 mm 
HiO The temperature was 100 to 101°F The electrocardiogram was 
normal 

Dunng her staj m the hospital the patient’s urmarj output decreased 
She developed increasing headaches and became psychotic A pericardial 
fnction rub appeared and finallj she fell mto stupor and died of uremia 

Postmortem examination revealed the following essential findings 
The heart w eighed 340 grams The pericardium was covered with fibrinous 
shreds The corabmed weight of the kidneis was 90 grams The capsule 
stnpped with difficulty, revealing a reddish surface with irregular scars 
and elevated nodules 1 to 3 mm m diameter The cortex was 2 to 3 mm 
in thickness The pelves, ureters and bladder were normal The diag- 
nosis was chronic p>elonephritis 

Microscopic examination of the kidneys revealed healed pjelonephntis 
Onl> a few glomeruli were present and the majont> of these showed altcra- 
tive glomeruhtis The tubules were dilated and the majont> were filled 
with casts, but contained no pus The renal pelvis showed chronic in- 
flammation The interstitial tissue was markedly increased and showed 
chrome inflammation The larger arteries showed pronounced productive 
endarteritis There was pronounced h>'pcrplastic artenolosclcrosis as 
well as arteriolar necrosis. 

Case 10 A 31 jear old male entered the hospital in November, 1934, 
complainmg of shortness of breath of 6 weeks’ duration No historv of 
unnaiy infection was obtained The essential findings were slight cn 
largcment of the heart and accentuation of the aortic second sound 2 he 
artcnal pressure varied between 190 and 240 s>stohc and between 130 and 
ISO diastohe Numerous unne specimens showed variations in the specific 
gravit> from 1018 to 1023 and a trace of albumin, the sediment was 
csscntiall} normal ITie red blood cell count was 5,400,000, the hemoglobin 
88 per cent and the white blood cell count 14,o00 The non protein nitrogen 
was 30 to 33 mg per 100 cc The phenolsulphoiiphthalem test was 15 
per cent in 2 hours Phe electrocardiogram showe-d partial heart block 
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witli left ventncular preponderance The Kahn test of the blood was 
negative During his 4 weeks’ stay in the hospital the patient had no 
complaints The diagnosis was essential hypertension 

The patient worked until the end of May, 1935, when he became short 
of breath and on several occasions brought up blood-tmged sputum In 
October, 1935 he reentered the hospital There was a shght degree of 
papdledema with exudate over the eyegrounds The heart was shghtly 
enlarged The blood pressure was 220/160 mm Hg The urme was 
essentially as before The non-protem mtrogen was between 49 and 66 
mg X-ray examination of the chest revealed flmd and congestion on 
both sides The patient became drowsy, cyanotic and restless, and died 

Postmortem exammation revealed the foUowmg essential findmgs 
The left kidney weighed 60 grams The capsule stripped with ease, leav- 
mg a grayish-red surface with scattered shallow depressions, from which 
projected, at varymg distances, moderately firm, yeUowish-gray nodules 
1 to 2 mm m diameter Cut section revealed a grajosh-red cortex m which 
were scattered grajosh-white fibrous streaks The average thickness of 
the cortex was 2 mm The pyramids were also markedly decreased m 
size and theu: striations were made out with difficulty The pelvis was 
enlarged, but the calyces and ureter were normal The nght kidney was 
increased m size and weighed 320 grams The capsule stopped with ease, 
reveahng a smooth surface The cortex was thickened and the mterpy- 
ramidal cortex seemed to compress the medulla Both ureters and the 
bladder were normal 

Microscopic examination of the left kidney showed a marked degree of 
healed pyelonephritis There was chrome inflammation of the renal pelvis 
AH but a few of the tubules were plugged -with casts, but they contamed no 
pus The glomeruli showed some sclerosis The mterstitial tissue was 
moderately mcreased and was infiltrated with lymphocytes The artenes 
showed productive endarteritis There was a marked degree of hyper- 
plastic arteriolosclerosis and some necrotizmg arteriohtis The right kidney 
showed no pyelonephritis and only shght vascular changes In this case 
agam the vascular changes were more marked in the areas of infection 

Case 17 This 28-year-old married female entered the hospital m March, 
1933 m labor In 1927 she had suffered from acute purulent otitis media 
In 1928, 1930 and 1933 she had had pregnancies which ended m premature 
stiUbuths (Chart 4) There was albuminuria with each of these preg- 
nancies and the blood pressure was elevated In 1930 m the prenatal 
chnic the blood pressure was 210/140 The unne sediment was negative 
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on repeated e.mmmations In 1933 before delivery the systohc blood pres- 
sure was 180 to 220 and the diastohc 120 to 140 In the course of 4 da>'s 
after dehvery the blood pressure came down, but later rose to 160/110 
On subsequent examinations the arterial pressure was lower The unne 
was essentially negative. 

The patient was readmitted to the hospital m February, 1936 because of 
sudden coma of 3 days’ duration She became rational agam but subse- 
quently lapsed mto unconsaousness The veins of the eyegrounds were 



tortuous The discs were blurred and there were hemorrhages of all 
sizes. There were bilateral Xcmig, Babmski and Oppcnhcim signs The 
specific graiity of the unne ranged from 1 006 to 1 012 and there was an 
occasional trace of albumin The non protein nitrogen was 25 mg The 
Xahn test was negative. The spinal tap jaclded blood> fluid The tem- 
perature was 98 4 to 100°I The patient became conscious and compbmed 
of severe headache Subsequent]} she agam fell into coma and died 
Diagnoses were subarachnoid hemorrhage, malignant h>pertension and 
nephrosclerosis 
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The essential findings on postmortem exammation were as follows 
The heart was enlarged, weighmg 400 grams, and there was moderate 
hypertrophy of both ventricular walls The mitral orifice was somewhat 
narrowed There was thickemng and interadherence of the cusps The 
chordae tendineae were shortened and thickened The aortic cusps showed 
changes similar to those m the mitral valve The lungs contamed consider- 
able frothy, blood-stained serous fluid The kidneys weighed 200 grams 
The capsules stripped with ease The surface was irregular, with flat- 
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Healed and recurrent pyelonephritis 

Patients who ha\e had attacks of p> elonephntis tend to ha^e 
recurrence, which frequcntl> develops on a previously healed pjelo- 
nephntic kidney Thus both the clinical and the histologic changes 
represent the combined picture of healed p\ elonephntis and, m addi- 
bon, of acute or chronic active pj elonephntis (Fig 29) Clinical 
separation of this group from the group vnth chrome pj elonephntis 
is often not feasible The diagnosis can be made onlj on the basis 
of histologic examination We have studied 30 cases with healed 
recurrent pyelonephntis The ages of these patients vaned from 
9 to 56, 21 were males and 9 females Cases 7 and 8 were examples 
of healed and recurrent pyelonephntis In view of the foregomg dis- 
cussion, this type of pyelonephntis requires no further descnption 

\ \SCULAR CHANGES IN PYELONEPHRITIS ANU THEIR RELATION TO 
ARTERIAL HYPERTENSION 

Since our onginal interest in this investigation was in the relation 
of p> elonephntis to hypertension, we have studied the vascular 
changes in considerable detail The following are the observations 
which we ha%c made 

111 acute pyelonephntis the inflammatory process occasionally 
inxolved both arterioles and venules The nature of the involvement 
V aned In some patients the lesion consisted of a deposition of fibnn 
in the wall of an artcnolc and of infiltration of polvmorphonuckar 
leukocytes and mononuclear cells In others there was more cv 
tensive, acute involvement, leading to partial or complete thrombosis 
of the vessel lumen with infiltration of polymorphonuclear leukocytes 
into the wall On the whole, such acute vascular lesions were not 
common 

In chronic or healed pvclonephntic kidneys, vascular le-sions of 
varying seventy were often prominent and deserve special de-senp 
lion In general, the vascular lesions were most marked in the in- 
llamcd, scarred areas (Tigs 30 and 31) In addition, m cases of 
unilateral pv elonephntis the vascular changes were alwavs most 
marked on the involved side This vvas true irrespective of whether 
or not the patient had had hv pertension 
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The vascular changes may be divided mto those affecting the 
arteries and those mvolvmg the arterioles The lesions in the artenes 
consisted in increased connective tissue in the intuna This mcreased 
connective tissue was often of the basophihc reticular type seen m 
“primary” mahgnant hypertension In other cases it was denser and 
tended to be acidophihc Associated with this type of change, there 
was reduphcation of the internal elastic membrane In addition, 



Fig 30 Healed, Recuerem Acute Pyelonephritis Hyperplastic 
Arteriolosclerosis in Scarred Area X 550 


there was a medial hypertrophy m some cases We have mcluded the 
artenal lesions under the term “productive endarteritis ” 

The changes m the artenoles were usually those charactenstic of 
hyperplastic arteriolosclerosis, i e , thickenmg of the walls due to 
concentric proliferation of the cells, often associated with an mcrease 
m coUagen Hyalinization of the artenolar walls, as seen m bemgn 
nephrosclerosis, was relatively uncommon Such hyahne degenera- 
tion of the arterioles occurred relatively more often m the older group, 
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and was usually considered to be a result of a morbid process mde- 
pendent of pyelonephritis In a certain number of cases artenolar 
necrosis was present as well as artenolosclerosis This was evidenced 
by smudgmg or blumng of the vessel wall, with hemorrhage mto the 
wall, karyorrhens of the nuclei and mfiltration of a certain number of 
cells, both polymorphonuclear leukocytes and mononuclear cells 
In some instances examples of healed necrotizing artcnohtis were 



Fio 31 Arteriole from Suie Kidnx\ \s in Figure 30 dlt from Nosscarrcd 
Area, Sucirr IIypcrpevstic Vrteriolosclcrosi;*. X 550 


present Such lesions shoued vessels with thickened walls infiltrated 
Nvith pigment laden macrophages, and in some instances \csscls with 
lumens partially or conipltlcl> obliterated as a result of the ingrowth 
of fibroblasts 

It might well be argued that the vascular changes described above 
are mcrel> secondare to the decreased function of the scarred portions 
of the kidiiej In order to exclude or conlirm this thesis, blooel 
vessels in a vancl> of conditions were studied 
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The first of this control group were cases with tuberculous kidneys 
It IS generally recognized that hypertension is rarely associated with 
uncomphcated renal tuberculosis Hence this group seemed to be of 
especial importance for us The arteries m such cases of renal tuber- 
culosis either showed no change or a shght degree of mtimal thickenmg 
Likewise, the arterioles were essentially negative, except for an oc- 
casional shght degree of hyahnization Vascular changes analogous 
to those described m pyelonephritis were present m a few cases, but 
these cases presented a combmation of tuberculosis and pyogemc 
pyelonephntis 

The second control group comprised ovaries and uten of women 
past the menopause, for here we felt could be studied mvolutionary 
vascular changes due to decreased function The artenes of the 
Ovanes showed a high degree of collagenous mtimal thickemng, often 
with hyalinization, with increase in the elastic tissue not only in the 
intima but also in the adventitia The media of these vessels was 
often greatly thinned, in some instances consistmg of only a few 
muscle fibers The artenoles showed slight to moderate hyperplastic 
artenolosclerosis and, not infrequently, hyahnization There was 
marked mcrease of elastic tissue in the intima and adventitia with, in 
addition, some sclerosis of the adventitial tissue The changes m the 
uterine artenes were similar to those m the ovary but were more ex- 
tensive, often resulting in obliteration of the lumens (Fig 32) The 
artenoles were hyahnized and there was an increased amount of elastic 
tissue in the adventitia Hjqierplastic artenolosclerosis was rare and, 
when present, was only shght 

Sohma (26) has attnbuted certam of the vascular changes in these 
organs to the efiect of the menstrual cycle Therefore we exammed, 
in addition, the ovaries and uten of young women In this group was 
found shght to moderate hyperplastic artenolosclerosis m the ovanes, 
but the artenal changes were shght m contrast to those observed 
in the postmenopausal cases The artenes m the uteri were es- 
sentially negative, an occasional arteriole showed a slight degree of 
hyperplastic sclerosis 

As a result of the study of this group we felt that involutionary 
changes or changes due to decreased function present a fairly char- 
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actenstic picture (Fig 32) The inUma of the arteries is greatlj 
thickened owing to increased connective tissue which often undergoes 
hyahnization The media tends to be thmned, often to a high degree 
There is a marked mcrease of elastic tissue, not only in the intuna but 
also m the adventitia The arteriolar changes consist m hyalmiza- 
tion with mcrease m elastic tissue m the intima and adventitia The 
hi’pcrplastic type of artenolosclerosis noted especiallj m the ovanes 
IS to be regarded, as suggested by Sohma, as the result of functional 
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activity, Since it is seen m )oung persons as well as in old Arterial 
changes similar in character to those described m the ovaries and 
uten have long been recognized, in addition, in connection with 
chronic or old tuberculous processes with cavitation in the lungs 
As a result of the foregoing studies we came to the conclusion that 
m\olutlonar^ vascular changes usuall) pre-sent a picture quite different 
from the changes dtsenbed in pvelonephntic kidnevs On reviewing 
our material we found that m some case’s of pyelonephritis there were 
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The first of this control group were cases with tuberculous kidneys 
It IS generally recognized that hjrpertension is rarely associated with 
uncomphcated renal tuberculosis Hence this group seemed to be of 
espeaal importance for us The artenes m such cases of renal tuber- 
culosis either showed no change or a shght degree of mtunal thickening 
Likewise, the artenoles were essentially negative, except for an oc- 
casional shght degree of hyahnization Vascular changes analogous 
to those described in pyelonephritis were present m a few cases, but 
these cases presented a combmation of tuberculosis and pyogenic 
pyelonephritis 

The second control group compnsed ovanes and uten of women 
past the menopause, for here we felt could be studied mvolutionary 
vascular changes due to decreased function The artenes of the 
ovaries showed a high degree of collagenous intimal thickenmg, often 
with hyahnization, with increase in the elastic tissue not only in the 
intima but also in the adventitia The media of these vessels was 
often greatly thmned, in some instances consisting of only a few 
muscle fibers The artenoles showed slight to moderate hyperplastic 
artenolosclerosis and, not infrequently, hyahnization There was 
marked increase of elastic tissue m the intima and adventitia with, in 
addition, some sclerosis of the adventitial tissue The changes in the 
uterme arteries were similar to those m the ovary but were more ex- 
tensive, often resulting in obliteration of the lumens (Fig 32) The 
artenoles were hyahnized and there was an increased amount of elastic 
tissue m the adventitia Hyperplastic artenolosclerosis was rare and, 
when present, was only shght 

Sohma (26) has attributed certam of the vascular changes m these 
organs to the efiect of the menstrual cycle Therefore we examined, 
m addition, the ovaries and uteri of young women In this group was 
found shght to moderate hyperplastic artenolosclerosis in the ovanes, 
but the arterial changes were shght in contrast to those observed 
in the postmenopausal cases The artenes in the uten were es- 
sentially negative, an occasional arteriole showed a shght degree of 
hyperplastic sclerosis 

As a result of the study of this group we felt that mvolutionary 
changes or changes due to decreased function present a fairly char- 
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actenstic picture (Fig 32) The mtima of the artenes is greatly 
thickened owing to increased connective tissue which often undergoes 
byahnization The media tends to be thinned, often to a high degree 
There is a marked increase of elastic tissue, not only m the mtima but 
also m the adventitia The artenolar changes consist m hyaliniza- 
tion with increase m elastic tissue m the mtima and adventitia The 
hyperplastic type of artenolosclerosis noted especially m the ovaries 
IS to be regarded, as suggested by Sohma, as the result of functional 
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actiMtj , since it is seen in >oung persons as well as m old Artcnal 
changes similar in character to those desenbed in the ovaries and 
uten have long been recognized, m addition, m connection nith 
chronic or old tuberculous processes with cavitation in the lungs 
Is a result of the foregoing studies we came to the conclusion that 
mvoluiionarv vascular changes usuallj present a picture quite diilercnt 
from the changes de'scnbed m p)elonephnlic kidneys On revnewine 
uur material \\e found that in some cases of pvelonephritis there were 



Fig 33 Heated Pyelonephritis Artery in Scar with Type op Change Sihilar to 

THAT Shown in Figure 32 


above can be attributed directly to the inflammatory conditions in 
the kidney In further support of this contention is the fact that 
m a group of cases with hydronephrotic kidneys with scamng and 
atrophy but without complications of pyelonephntis no similar vas- 
cular changes were found, thus agam emphasizmg the effect of m- 
flammation on the blood vessels 

An analysis of the relation between hypertension and the artenal 
lesions observed has brought out the foUowmg facts (Tables I and 
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n) (1) When hypertension was present the vascular changes were 
always more marked and diffuse, they were more marked m scarred 
areas and, in cases of unilateral pyelonephritis, on the pyelonephntic 
side (2) In cases without hypertension no significant vascular lesions 
were found except m the scars, and here they were shght to moderate 
In unilateral pyelonephntis, vascular changes occurred only on the 
affected side (J) In unilateral pyelonephntis, if vascular lesions 
were observed on both sides then hypertension was always present 

TABLE I 


Cases a/ pyetanepkrtits scUh nannal bhmi pressure 


ICX 

AOX 

AlTniAL 

BLOOD 

oEArr 

DOtrCY 

BKMAl.\ASCt)LAJt 

coAxau 

FTELiMZFBBmS 

CADgE ox DEAia 






P E. 

H A. 

H A- 




ytvt 

BUI Ug 

tr*ms 

turns 






F 

10 

100/40 

180 

360 


0 

0 

Chronic 

Pentonitjs 

F 

23 

130/70 

220 

60 

++ 


0 

Chronic 

Uremia 

M 

25 

130/60 

450 

200 

+ 

+ 

0 

Chronic 

Uremia 

F 

26 

130/80 

240 

220 

+ 

+ 

0 

Chronic 

Cerebral 

F 

27 

130/90 

350 

375 


0 

0 

Acute 

Collapse 

F 

39 

100/61 


410 

+++ 

0 

0 

Chrome 

Pneumonia 

F 

42 

120/80 

475 

235 

+++ 

0 

0 

Healed 

Cerebral 

F 

50 

90/30 

275 

225 

0 

+ 

0 

Healed 

Pneumonia 

JI 

52 

130/90 

ESI 

400 

++ 

o 

0 

Chronic 

Uremia 

M 

52 

110/50 

280 

250 


+ 

0 

Healed 

Pneumonia 

M 

61 

110/80 

750 

400 

++ 

0 

0 

Healed 

Cardiac 

M 

69 

120/80 


525 

+ 

0 

0 

Chrome 

Uremia 

ir 

72 

SO/50 

280 

330 

m 

0 

0 

Acute 

Sepsis 


E, prtxluclac endarteritis. H. rV, hyperplastic artcnoloeclerosis. N rV., neertr- 
Ueng artcrioUtis. 


In order further to evaluate this mterrelation between vascular 
dianges and arterial hypertension we have compared the degree and 
the lypi. of vascular changes m four groups of cases with bilateral 
P'<e!oncplirihs (/I) Cases with normal blood pressure but without 
uremia, {B) cases with normal blood pressure and uremia, (C) cases 
uith high blood pressure but without uremia, (£)) cases with high blood 
pressure and uremia The results of this comparison indicate that 
•n groups 1 and B there was usually a slight degree of hyperplastic 
artenolosclcrosis In groups C and D, on the other hand, the vascular 
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changes consisted in pronounced hyperplastic arteriolosclerosis In 
group D, in addition, there was frequently necrosis of the arterioles 
It IS of particular interest that the vascular changes in group A were 
identical in character with those occurnng in groups C and D but less 

TABLE n 


Cases of pyelonephnlts vnth severe hypertension 


SEX 

AGE 

AUTEaiAL 

BLOOD 

s 

h2 

H 

a 

.H O 

C4 S 

Z W , 

RENAL VASCOLAR 
CHANCES 

PVELONEPHJUTIS 

CAUSE OF DE VTH 



1 


i ^ ' 

P E 

H A 

N A 



F 

years 

12 

mm Hg 

220/160 

1 

grams 

230 

grams 

120 

+ + ! 

+ + + 

+ 

Unilaterally 

Intestinal in- 

F 

18 

220/130 

320 

61 

+ 

++ 

0 

chronic 
Chronic — 

farction 

Uremia 

F 

19 

250/220 

290 

62 

4 — 1 — b 

+ + + 

1 

+ 

recurrent 

Recurrent 

Uremia 

F 

23 

260/190 


113 

i+++ 

++ + 

++ 

Recurrent 

Uremia 

F 

24 

250/160 

340 

90 


d — 1 — b 

+ + 

Healed 

Uremia 

F 

27 

260/150 

400 

100 


+ d — b 

0 

Healed 

Cerebral 

F 

28 

240/140 

400 

200 

++ 

+ 

0 

Healed 

Cerebral 

M 

32 

280/130 

430 

90 

++ 

+++ 

+ 

Recurrent 

Uremia 

F 

34 

240/140 

480 

120 

;++ + 

++ + 

0 

Healed 

Uremia 

M 

40 

240/160 

560 

170 

++ 

+++ 

0 

Healed 

Uremia 

F 

40 

270/160 

480 

210 

+ + + 

+++ 

++ 

Chronic 

Uremia 

M 

41 

250/150 

480 

200 

H — h 

+++ 

0 

Healed 

Subarachnoid 

M 

41 

220/140 

720 

320 

_i — (_ ! 

+ 

0 

Chronic 

hemorrhage 

Cardiac 

M 

42 

210/120 

590 

115 

++ 

+++ 

0 

Recurrent 

Cerebral 

r 

46 

260/170 

465 

240* 

++ 

+++ 

+++ 

Recurrent 

Uremia 

F 

54 

240/140 

570 

225 

+++ 

+++ 

0 

Healed 

Cardio cerebral 

F 

55 

230/180 

580 

195 

+++' 

+++ 

0 

Recurrent 

Uretma 

M 

59 

260/150 

640 

280 

+++ 

+++ 

++ 

Healed 

Uretma 

M 

62 

245/100 

600 

220*1 

+++i 

++ 

0 

Recurrent 

Cardiac 


P E , productive endarteritis H A , hyperplastic artenolosclerosis N A , necro- 
tizing artenohtis 
* Right only 


severe and extensive This suggests that the initial vascular changes, 
which ultimately are associated with “malignant” hypertension, i e , 
hyperplastic artenolosclerosis, occur before the development of artenal 
hypertension 

That pyelonephritis is responsible for the vascular changes is 
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indicated by the presence of vascular changes in cases with iimlaleral 
pyelonephritis (Fig 34) In these cases more advanced vascular 
lesions can occur in the affected kidney in the presence of normal blood 
pressure than in cases with bilateral pyelonephntis and normal artcnal 
pressure Table III presents the data on 20 cases of unilateral chronic 
or healed pj elonephntis The size of the affected kidney was usuall) 
greatly dimtmshed, while the unaffected kidney was often enlarged 
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Of the 20 cases, With ages \arying from 7 months to 81 >ears Sshowed 
normal blood pressure I our died of uremia and 3 of assoaated 
severe h\ pertension Ihe vascular changes in the affecteil kidne\ in 
cases with normal blood pressure varied from morlerate to severe 
the unaffected kidnev showed no changes of significance In cases 
with hypertension the affected kidney showed marked vascular 
changes while the unalTecleil kidney showed slight to moderate 



282 


SOMA WEISS AND FREDERIC PARKER, JR 


changes consisted in pronounced hyperplastic artenolosclerosis In 
group D, in addition, there was frequently necrosis of the arterioles 
It IS of particular interest that the vascular changes in group A were 
identical in character with those occurring in groups C and D but less 

TABLE II 


Cases of pyelonephnlts with severe hypertension 





■ 

■ 

RENAL VASCULAR | 

CHANGES 

PYELONEPHRITIS 

CAUSE OF DEATH 




W ^ 

a 

; 2 

P E 

H A 

N A 



F 

years 

12 

mm Hg 
220/160 

1 grams 

230 

grams 

120 

+ + 

+ + + 

d- 

Unilaterally 

Intestinal in- 

F 

18 

220/130 

320 

61 

+ 

H — ^ 

0 

chronic 
Chronic — 

farction 

Uremia 

F 

19 

250/220 

290 

62 

d — 1 — H 

^ — 1 — h 

d- 

recurrent 

Recurrent 

Uremia 

F 

23 

260/190 

1 

113 

+ d — h 

+++ 

— h 

Recurrent 

Uremia 

F 

24 

250/160 

340 

90 

d — h 

d — 1 — h 

-bd- 

Healed 

Urerma 

F 

27 

260/150 

400 

100 

+ + 

d"d-d- 

0 

Healed 

Cerebral 

F 

28 

240/140 

400 

200 

+ + 

d- 

0 

Healed 

Cerebral 

M 

32 

280/130 

430 

90 

++ 

d-d-d- 

d- 

Recurrent 

Uremia 

F 

34 

240/140 

480 

120 

i+++ 

d-d-d- 

0 

Healed 

Uremia 

M 

40 

240/160 

560 

170 

++ 

+d-d- 

0 

Healed 

Uremia 

F 

40 

270/160 

480 

210 

+++ 

d-d-d- 

-bd- 

Chronic 

Uremia 

M 

41 

250/150 

480 

200 

++ 

^ — 1 — h 

0 

Healed 

Subarachnoid 

M 

41 

220/140 

720 

320 

++ 

d- 

i 

0 

Chronic 

hemorrhage 

Cardiac 

iM 

42 

210/120 

590 

115 

H — h 

d-d-d-i 

0 

Recurrent 

Cerebral 

F 

46 

260/170 

465 

240* 

+ + 

+++I 

d-d-d- 

Recurrent 

Uremia 

F 

54 

240/140 

570 

225 

~\ — 1- + 

d-d-d- 

0 

Healed 

Cardio cerebral 

F 

55 

230/180 

580 

195 

+++! 

d-d-d-^ 

0 

Recurrent 

Uremia 

M 

59 

260/150 

640 

280 

+++ 

d-d-d- 

d-d- 

Healed 

Uremia 

I^I 

62 

245/100 

600 

220* 

+++ 

d-d- 

0 

Recurrent 

Cardiac 


P E , productive endarteritis H \ , hyperplastic artenolosclerosis N A , necro- 
tizing artenohtis 
* Right only 


severe and extensive This suggests that the initial vascular changes, 
which ultimately are associated with “mahgnant” hypertension, i e , 
hyperplastic artenolosclerosis, occur before the development of artenal 
hypertension 

That pyelonephritis is responsible for the vascular changes is 
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indicated b> the presence of vascular changes in cases wth unilateral 
pyelonephritis (Fig 34) In these cases more advanced vascular 
lesions can occur in the affected kidney in the presence of normal blood 
pressure than in cases with bilateral pyelonephritis and normal arterial 
pressure Table III presents the data on 20 cases of unilateral chronic 
or healed pyelonephritis The size of the affected kidnej was usually 
greatly diminished, while the unaffected kidne> was often enlarged 
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Of the 20 cases, w ith age-s \ ar\ mg from 7 months to 31 > ears, 8 showed 
normal blood pressure Four died of uremia and 3 of associated 
i>e\ere hjpertension The vascular changes in the affecte-d kidnee in 
case-s with normal blood pressure \aried from moderate to se\ere 
the unaffected kidne\ showed no changes of significance In cases 
with hypertension the alTcctcd kidnej showed marked \ascular 
changes while the unallected kidney showeil slight to moelerate 
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changes Necrotizing artenolitis was present on the affected side 
m 6 cases, but m only 2 of these cases did the unaffected kidney show 
this lesion In several instances the weight of the affected kidney 
was similar to that in the group of so-called “renal rickets” (p 288) 
In contrast, however, the patients with small unilateral pyelonephntic 
kidneys could survive to middle or old age smee the other kidney was 
competent. These findmgs mdicate that marked bilateral hyper- 
plastic artenolosclerosis is always associated with hypertension The 
existence of a definite relabonship between the degree of vascular 
change and hypertension is also attested by the fact that from a study 
of the renal vascular lesions alone, the probabihty of the presence of 
artenal hypertension dunng life can be postulated with a remarkable 
degree of accuracy 

The question anses as to whether the advancmg artenal lesions 
caused by the tissue inflammation m pyelonephntis are responsible 
for the hypertension, or whether the hypertension, caused by unknown 
factors, 18 responsible for the vascular changes Because the vascular 
changes are more marked m the pyelonephntic scars and m the urn- 
lateral pyelonephntic kidney and because moderately severe artenolar 
lesions are present m cases with pyelonephntis ivithout hypertension, 
we conclude that the pnmary cause of the vascular changes is the 
inflammation (chronic or healed) due to pyelonephntis However, 
os inchcated also by the presence at tunes of artenolar lesions m the 
unaffected kidney m cases with unilateral pyelonephntis (5 out of 20 
cases), hypertension, in turn, is considered to be responsible for ac- 
celeration or for mtensification of the artenal changes (26a) Thus 
tn the dcvehpment of vascular changes lue are dealing mth a vicious circle 
prectptlaled by pyelonephritis and, m turn, accentuated and accelerated 
by hypertension 

It should be pomted out, however, that a large proportion of cases 
of unilateral pyelonephntis with severe hypertension show no vascular 
changes in the unaffected side This finding further supports the 
thesis that pyelonephntis is responsible for vascular changes and these 
changes, in turn, for hypertension 

In rare mstanccs, on the other hand, artenal hypertension of moder- 
ate degree may be present without the type of -vascular changes 
desenbed Thus, m 2 cases of renal nekets a moderate degree of 
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hypertension was present without hyperplastic artenolosclerosis In 
these 2 cases the marked diminution m the size of the kidney is pre- 
sumably related to the elevation of the artenal pressure Chanutm 
and Ferns (27) have shown that m the rat surgical removal of a 
portion of the renal parenchyma below a cntical level is followed by 
artenal hypertension It is also clear that elevation of the artenal 
pressure m pyelonephritis cannot be attnbuted to renal failure, because 
it IS often present with adequate kidney fimction and, contranwise, 
patients with uremia may have normal blood pressure (9, 22) 

Comparison of vascular changes in pyelonephritis with those 

in nephrosclerosis 

The histologic differential diagnosis of bemgn and mahgnant nephro- 
sclerosis depends on the type of vascular changes The characteristics 
of such vascular changes are widely recognized and we are summanzmg 
them here only for reasons which appear below 

In bemgn nephrosclerosis the artenes show intunal thickenmg 
This thickenmg is due to mcreased, dense connective tissue which 
stams acidophilically and not infrequently undergoes some degree of 
hyahmzation In addition there is sphttmg and reduphcation of the 
mtemal elastic membrane, often to a marked degree The char- 
actenstic lesion of the arterioles is a hyalme degeneration of their 
walls To be of significance such artenal and artenolar changes 
should occur more or less diffusely, and not be co nfin ed to small 
vascular scars 

The artenal changes m mahgnant nephrosclerosis consist m a 
thickemng of the intima due to mcrease in both fibroblastic cellular 
and mterceUular elements The fibroblasts appear as cells with 
distmct processes embedded m an mterceUular matnx which tends to 
stain basophUicaUy and resembles mucous connective tissue The 
mtemal elastic membrane may show but httle change or may be 
thickened or reduphcated and m addition dehcate elastic fibrils may 
be found m the mtuna Artenal lesions similar to those described 
under bemgn nephrosclerosis also occur but as a rule the mtimal con- 
nective tissue tends to be less dense and more ceUular The most 
characteristic and pathognomomc lesion is found m the artenoles 
This lesion is hyperplastic artenolosclerosis It consists m a marked 
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thicLemng of the vessel walla due to concentnc prohferation of cells, 
giving an onion-layer-like appearance to the walls Between the 
cells occur dehcate bundles of collagen Necrotizing artenohtis in 
our opinion is dependent on renal failure and hence cannot be regarded 
as essential for the diagnosis of mabgnant hypertension 
Both types of arterial vascular changes may be found m the same 
kidney, espeaally m the older age group who have long-continued 
hypertension of a moderate degree but who eventually develop severe 
hypertension and, not infrequently, renal failure, this group repre- 
sents, m our opinion, the “Umschlag” type (Volhard) 

From the foregomg descnption it is evident that the vascular 
changes m pyelonephntis are similar to or identical ivith those oc- 
currmg m “pnmary” malignant hypertension, namely, productive 
endartentis and hyperplastic artenolosclerosis These two vascular 
changes, we behove, ate charactenstic and diagnostic, from a mor- 
phologic pomt of view, of mabgnant hypertension While it is true 
that the most marked changes were observed m those patients with 
hypertension, moderate and even severe changes were found focally 
in the absence of hypertension As stated above, we bebeve that 
such changes are dependent on the inflammatory changes m the 
kidney By this we do not mean actual extension of the py ogcnic 
infection to the vessel wall, but the combmation of edema, stasis and 
the products of the tnflammation, which is often, although not always, 
a response to mfection Thus the mechanism of the development of 
these vascular lesions in the kidney is not unlike that in the lung 
(28) and m other organs. The type of pathogenesis desenbed does 
not exclude other possible mechanisms in the production of hyper- 
plastic artenolosclerosis 

It is well recognized that mabgnant hypertension is usually a gen- 
eralized vascular disease, i c , the vascular lesions are by no means 
confined to the kidneys but ate found in other organs, such as thu 
pancreas, adrenals and gastromtesUnal tract These vascular changes 
include hyperplastic artenolosclerosis and arttnolar necrosis. The 
fact that pyelonephntis is a disease in which the primary morbid 
changes are localized in the kidneys constitutes e«dcnce that associ- 
ated hypertension might be of renal ongin, in contrast to what might 
be termed essential or "primary" malignant hypertension, which 
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IS oftea from the onset a generalized vascular disease It seemed 
important, therefore, to compare the degree and the character of the 
vascular changes m other organs m the two groups In the pyelo- 
nephntic group with severe hypertension the vascular changes m 
other organs were for the most part absent or of only mild degree m 
comparison with those m the other group The changes were rarely 
of the prohferative type and, in addition, the arteriolar necrosis 
m other organs was comparatively rare These findings seem to 
strengthen the behef that “pnmary” mahgnant hypertension is a 
generalized vascular disease, while hypertension foUowmg pyelo- 
nephritis IS prunanly a renal vascular disease It is also of mterest 
that m diseases assoaated with generalized artentis, such as lupus 
eiythematosus, penarteritis nodosa and rheumatic fever, hypertension 
IS present only when the artenoles of the kidney are rather extensively 
affected Even when the artentis is generalized but affects only the 
larger vessels, marked artenal hypertension does not develop This 
suggests that m these diseases, too, hypertension depends on renal 
vascular changes 

CHRONIC PYELONEPHRITIS WITH SMALL KIDNEYS (“RENAL RICKETS”) 
AND ITS RELATION TO RENAL HYPOPLASIA AND AGENESIS 

One group of cases of pyelonephritis m our senes deserves special 
mention These cases were characterized by marked reduction in 
the size of the kidneys, the combmed weights varymg from 140 to 60 
grams The majonty of these cases occurred m young patients below 
the age of 30 All of them died of uremia In addition, except for 
1 case (and this case had but one blood pressure readmg) they all 
showed moderate or severe artenal hypertension Among the patients 
with a history of pregnancy, toxenua occurred with high frequency 
(6 out of 8) (Table IV) 

Grossly the kidneys presented one of two pictures either a pale, 
coarsely granular or nodular surface, with or without depressed scars, 
or a surface characterized by flat areas altematmg with nodular, 
adenoma-hke projections (Fig 24) The latter type resembled the 
picture presented by healed, acute yellow atrophy of the hverwith 
the flat, scarred areas and adenoma-hke areas of regeneration A few 
cases showed dilatation of the ureters An occasional pelvis was 
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dilated The bladders were negative No obstruction or anomahes 
were found in any case The capsules stripped with difficulty, the 
cortices were narrowed and the markings mdistinct Histologically 
the flat, scarred areas showed the picture of healed or chrome pyelo- 
nephritis, as desenbed above, with jierhaps more complete obhteration 
of the glomenih than was seen m the larger kidneys The nodular 
and adenoma-hke areas showed marked dilatation of the tubules 

TABLE rv 


Caut of pytlonepkrilu with small kidneys ("renal rickets") 
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P E, producUie endarterilli. IL A., hypeiplaitic oiUrioloiclcioii*. N A , ncoo- 
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and a decrease in the number of glomeruli This decrease in number, 
however, was apparent rather than actual, and ivas due to the marked 
compensatory hyperplasia of the tubules with consequent spreadmg 
apart of the glomeruli The persistmg glomeruli were hypertrophied 
Some were normal, but many showed varymg degrees of alterative 
glomeruhtis 

The vascular changes in the group were smulac to those described 
abo\ c They were moderate in degree m cases with moderate hj*pcr- 


















288 


SOMA WEISS AlID PEEDERIC PARKER, JR 


IS often from the onset a generalized vascular disease It seemed 
important, therefore, to compare the degree and the character of the 
vascular changes m other organs m the two groups In the pyelo- 
nephritic group with severe hypertension the vascular changes m 
other organs were for the most part absent or of only mild degree m 
comparison with those m the other group The changes were rarely 
of the proliferative type and, m addition, the artenolar neaosis 
m other organs was comparatively rare These findin gs seem to 
strengthen the behef that "primary” mahgnant hypertension is a 
generalized vascular disease, while hypertension foUowmg pyelo- 
nephritis IS primarily a renal vascular disease It is also of mterest 
that m diseases associated with generalized arteritis, such as lupus 
erythematosus, penartentis nodosa and rheumatic fever, hypertension 
is present only when the arterioles of the kidney are rather extensively 
affected Even when the artentis is generalized but affects only the 
larger vessels, marked artenal hypertension does not develop This 
suggests that m these diseases, too, hypertension depends on renal 
vascular changes 

CHRONIC PYELONEPHRITIS WITH SMALL KIDNEYS ("rENAL RICKETS”) 
AND ITS RELATION TO RENAL HYPOPLASIA AND AGENESIS 

One group of cases of pyelonephntis m our senes deserves speaal 
mention These cases were characterized by marked reduction m 
the size of the kidneys, the combmed weights varymg from 140 to 60 
grams The majonty of these cases occurred m young patients below 
the age of 30 All of them died of uremia In addition, except for 
1 case (and this case had but one blood pressure readmg) they aU 
showed moderate or severe artenal hypertension Among the patients 
with a history of pregnancy, toxemia occurred with high frequency 
(6 out of 8) (Table IV) 

Grossly the kidneys presented one of two pictures either a pale, 
coarsely granular or nodular surface, with or without depressed scars, 
or a surface characterized by flat areas altematmg with nodular, 
adenoma-hke projections (Fig 24) The latter type resembled the 
picture presented by healed, acute yellow atrophy of the hverwith 
the flat, scarred areas and adenoma-hke areas of regeneration A few 
cases showed dilatation of the ureters An occasional pelvis was 
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dilated The bladders were negative No obstruction or anomabes 
were found m any case The capsules stripped with difficulty, the 
cortices were narrowed and the markings indistmct. Histologically 
the flat, scarred areas showed the picture of healed or chronic pyelo- 
nephritis, as described above, with perhaps more complete obhteration 
of the glomeruh than was seen m the larger kidneys The nodular 
and adenoma-like areas showed marked dilatation of the tubules 

TABLE IV 


Casa of pyelontphrUls vnlh small kvJneys (f^rcnal rickets'*) 
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tiling arterioUtli. 


and a decrease in the number of glomeruh This decrease in number, 
however, was apparent rather than actual, and was due to the marked 
compensatory hyperplasia of the tubules with consequent spreading 
apart of the glomeruli The persisting glomeruh were hypertrophied 
Some were normal, but many showed vorymg degrees of alterative 
glomcrulitia. 

The vascular changes in the group were s imil ar to those described 
above They were moderate in degree m cases with moderate hjper- 
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tension and severe in cases with marked hypertension In addition, 
the vascular lesions were always most marked m the scars Nec- 
rotizmg artenohtis occurred in about one-half the cases with severe 
hypertension combmed with uremia and was absent in all cases with 
moderate hypertension and uremia About one-half the cases showed 
chrome pyelonephntis, m the remamder the process was apparently 
completely healed 

Because of the small size of the kidneys the question naturally 
arose as to whether we were deahng with congemtally hypoplastic 
kidneys with a superimposed pyelonephritis In the autopsy matenal 
available m the hospital no case of bilateral congemtally hypoplastic 
kidneys occurred There were, however, urulateral examples of this 
condition Congemtally defective kidneys may be of three types — 
agenetic, true hypoplastic and aplastic We have studied 1 case 
of agenesis This occurred m a female, aged 57, whose left kidney 
was congemtally absent The ureter was atrophic and thread-hke 
and disappeared m the retroperitoneal fat The left renal artery 
was narrowed and became lost m a mass of fatty tissue The right 
kidney weighed 180 grams and showed bemgn nephrosclerosis The 
patient died of general pentomtis followmg a ruptured appendix 

There was 1 case of simple, true hypoplasia This was m a female, 
aged 82 The nght kidney weighed 120 gr am s, the left 50 grams 
The small kidney was essentially normal m appearance and structure, 
both grossly and microscopically, except for a shght degree of bemgn 
nephrosclerosis The pelves and ureters of both kidneys were normal 
The patient died of bronchopneumoma 

There were four examples of true congemtal aplasia The first 
was a newborn infant who died 15 mmutes after birth The combmed 
weight of the kidneys was 85 grams They were jomed together 
at their lower pole They were markedly irregular m shape and 
appeared to be formed entirely of small cysts varymg from 0 2 to 
0 3 cm m diameter Grossly no kidney tissue could be distmgmshed 
Microscopically the kidneys were composed of cysts hned with epi- 
thehum and mtervemng bands of connective tissue No renal tissue 
was present The bladder and the ureters were negative 

The second was a 2-day-old infant, who died of pentomtis Grossly 
the left kidney was normal m size The nght measured 1 5 cm 
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m length and was studded with small cortical cysts filled with clear 
fluid Microscopically the left kidney was composed in part of normal 
renal tissue and in part of connective tissue surroundmg cysts hned 
with cuboidal epithehum and collections of embryonal tubules The 
right kidney was made up for the most part of multiple cysts There 
were some normal glomeruh and convoluted tubules present but 
the coUecUng tubules were poorly developed Both pelves, the 
ureters and the bladder were widely dilated 
The third was a male, aged 24 The left kidney weighed 240 grams 
and grossly and imcroscopically showed hydronephrosis and acute 
pyelonephntis The vessels were essentially negative The nght 
kidney weighed 5 grams Grossly it consisted of a small, gray-white 
mass cont ainin g several cysts 0 7 cm m diameter Microscopically 
It was made up of a mass of fibrous tissue conta in ing some large 
tubular structures with a double layer of epithehum, the inner layer 
bemg columnar In addition, there were more normal appearing 
tubules and these contained colloid casts No glomeruli were present 
nor could any vestige of such structures be found There was also 
infiltration of lymphocytes, plasma cells and eosinophils m the connec- 
tive tissue The blood vessels were fairly numerous and some were 
of good size The artencs showed a moderate degree of productive 
cndartentis and the arterioles a similar degree of hyperplastic artcnolo- 
sclerosis The nght ureter faded to admit a 1 mm probe at the junc- 
tion of the pelvis and the bladder It was small, atrophic and patent 
for the remamder of its extent, measunng approximately 3 mm m 
diameter The patient died of jxistoperative hemorrhage The 
histologic diagnosis of the small kidney w as aplasia and pj donephntis 
The fourth case was a 22 year-old female The left kidnej weighed 
200 grains hlicroscopically it showed chronic alterative glomerulo- 
nephritis The right kidney was minute in size, measuring 2 by 1 by 
0 5 cm Grossly only traces of kidney substance could be recognized 
Microscopicallj the structure was sundar to that in the preceding case 
and, like it, showed evidence of a healed pjcloniphntis The nght 
renal atterj was absent, the origin of the right renal vein could not 
be definitely identified The ureter was small at its upper end but 
increased to normal size after crossing the pelvic bnm and approaching 
the bladder The chnical diagnoses were chronic glomerulonephritis 
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and subacute bactenal endocarditis At autopsy, however, there 
were found rheumatic heart disease, tuberculous pentomtis, healed 
bactenal endocarditis and the condition of the kidneys descnbed 
above Our interpretation of the condition of the small kidney was 
aplasia with superimposed pyelonephntis 
From the foregomg cases it can be seen that the congemtally aplastic 
kidney is readdy recognized by the disorderly arrangement of renal 
structure, the absence of glomeruh and the atypical character of some 
of the tubular structures Furthermore, it is obvious that bilateral 
kidneys of this type are incompatible with life, and hence could not 
possibly be a factor m the group under discussion The congemtally 
hypoplastic kidney is characterized by bemg merely a small, normal 
kidney It is conceivable that if pyelonephritis were superimposed 
on such a kidney it might be impossible to recogmze the underlymg 
hypoplasia Smce, however, m our expenence such hypoplastic 
kidneys have not been found bilaterally, it seems improbable that 
an underlymg hypoplasia of this congemtal type could account for 
the size of the kidneys m the group with bilateral chrome pyelo- 
nephritis It is possible, nevertheless, that m the cases of unilateral 
pyelonephritis an underlymg congemtal hypoplasia might have been 
present Suggestive evidence for this was the size of the renal artery 
In several of our cases the artery to the small kidney was considerably 
smaller than that to the normal kidney 
The conception that the process m the small kidneys with chrome 
pyelonephritis represented an infection beginning m childhood rather 
than congemtal aplasia or hypoplasia seemed more plausible As a 
result of an infection beginning m early childhood, the combmed effects 
of the resultant scamng and the mterference with normal growth could 
account for the markedly reduced size of the kidneys A further 
factor undoubtedly was the changes assoaated with the uremia present 
m every case We refer especially to the alterative glomeruhtis 
The occurrence of death at a comparatively early age m this group 
as a result of renal failure can be explained by the fact that while 
the small kidneys were competent to take care of the metabohsm 
of the patient durmg youth, mterference with the normal growth of 
the kidneys prevented them from keepmg pace with the mcreased 
size of the patient and the mcreased demand on renal activity or 
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function The rapidly increasing discrepancy between the size and 
function of the body and of the Lidnej s leads finally to uremia in 
early adult life 

This group ivith unusuallj small, pyelonephntic kidneys deserves 
speaal mention since it is probable that it is this type of renal disease 
that 13 assoaated m some instances with “renal rickets” or “renal 
dwarfism.” In our senes, with the exception of a moderate degree 
of generalized underdevelopment, we had no instance of this disease 
syndrome m its classical form, but the descnptions given by others 
fit the type of renal disease found in this younger age group Both 
Kluge (29) and Fahr (30) have mdicated that an underlymg focal 
congenital hypoplasia is important m the etiology of renal nckets 
Fahr (30) even suggested the term “hypogenetischc Nephritis " 
It IS interesting to note that in the past the majonty of cases with 
small kidneys have been diagnosed as chronic gloracrulonephntis 
It may be added, finally, that in rare mstanccs such small kidneys 
ate encountered in the old age group, but thej are the combmed result 
of a marked degree of benign nephrosclerosis and pyelonephritis 

While chrome p) elonephnds with small kidneys usually terminates 
in uremia, no close correlation exists between the size of the kidney 
and its functional capaaty The characteristic feature of the renal 
damage in p) elonephntis is the progressive ehmmation of function- 
ing nephrons An mcreasmg number of tubules become plugged 
with casts 

THE DIFFERENTIAL MORPHOLOGIC DIAGNOSIS OF PYELONEPHRITIS 

Acute pyelonephritis 

The following conditions must be considered in the dificrential 
diagnosis of acute pyelonephritis 

1 Acute tttlersltlial nephritis Grossly the kidney is enlarged and 
maj be mottled red and gray or maj be pale The capsule strips w ith 
ease On section the cortex is thickened Microscopically the char- 
acteristic and outstanding lesion is the infiltration of the mterstitial 
tissue ivith IjTnphocytes, plasma cells and eosinophils This occurs 
cspcaally m the cortical region but maj extend mto the medulla 
Ihe tubules, especially those which are convoluted, may contain a 
moderate number of polymorphonuclear leukocytes In addition, 
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they may show evidence of a healing lesion, as is mdicated by the 
flattened shape of newly formed epithehal cells and the occurrence 
of mitotic figures m these cells Abscess formation is not present 
This type of nephritis is seen espeaaUy in association with strepto- 
coccus infections, diphthena and Weills disease Acute mterstitial 
nephritis can be distmguished from pyelonephntis by the minimal 
number of leukocytes m the tubules and by the absence of both abscess 
formation and mvolvement of the pelvis and calyces This difler- 
entiation is, however, not absolute Indeed, some investigators, 
notably Putschar (31) and Fahr (30), consider mterstitial nephritis 
as a special form of pyelonephritis 

2 Ihjffus£ supptiraUve nephnhs The kidneys may be enlarged 
and congested and may show focal hemorrhages Dependmg on 
the tj^e of organism, abscess formation may occur, espeaaUy m the 
cortical region Acute vascular lesions and lesions of the glomeruh 
are not infrequent and may result m hemorrhages mto the capsular 
spaces and tubules Such renal lesions are usuaUy assoaated with 
the pyogemc cocci, such as staphylococcus and streptococcus It is 
often extremely difficult, if not impossible, to differentiate this type 
of nephritis from pyelonephntis merely by the histologic picture 
It may well be but a speaal type of pyelonephntis The etiologic 
agent and the findmgs m the other organs must be taken mto con- 
sideration m doubtful cases The predommance of abscess formation 
m the cortex, the lack of mvolvement of the pelvis, the presence of 
multiple hemorrhages and acute gomerular lesions of the nonmvasive 
type serve to distmguish this condition from pyelonephntis 

Chronic or healed pyelonephritis 

Diseases which must be considered m the differential diagnosis of 
chrome or healed pyelonephntis are as follows 

1 Chronic glomerulonephritis Grossly the uniformly finely granu- 
lar or nodular surface of glomerulonephntis serves m most mstances 
to distmguish it from pyelonephntis, but there are certam cases of 
pyelonephntis that do have a diffusely nodular rather than a coarsely 
scarred surface Histologically the mvolvement of a large proportion 
of the glomeruh, the lack of mvolvement of the pelvis and the absence 
of colloid casts distmgmsh glomerulonephntis from pyelonephntis 

2 Benign nephrosclerosis Grossly the V-shaped scars, as con- 



PYELONEPflHinS 


295 


tiasted with the U-shaped scars of pyelonephritis, help to distinguish 
the two conditions Microscopically the vascular scars can be dis- 
tinguished from pyelonephntic scars by the absence of coUoid casts, 
by the character of the mterstitial infiltration and by the noninvolve- 
ment of the pehis The interstitial infiltration m vascular scars is 
composed of lymphocytes, m pyelonephntic scars, as a rule, lympho- 
cytes, plasma cells and sometimes eosinophils are present The 
vascular scars and infiltration are confined to the cortex, while in pyelo- 
nephritis they extend into the pyramids and calyces 

3 Malignant ngphrosclerosts Grossly the surface of the kidney 
IS diffusely nodular The color vanes from a browmsh red to a deep 
red Petechial hemorrhages often occur beneath the capsule and 
can also be seen on the cut surface Microscopically the vessels show 
the characteristic changes desenbed elsewhere Some of the tubules 
may contam polymorphonuclear leukocytes No abscess formation 
IS present and the mterstitial infiltration, while sometimes of a con- 
siderable degree, does not approach that seen in pyelonephntis 
Colloid casta do not occur 

4 Eydroneplirosu Grossly the surface of the kidney m hydro- 
nephrosis may closely resemble that m healed pyelonephntis, especially 
if the hydronephrosis is focal Microscopically the charactenstic 
feature of hydronephrosis is the atrophy of the tubules with the 
preservation of the majonty of the glomeruh In long-continued 
hydronephrosis the glomeruh eventually become sclerosed The 
interstitial tissue in the cortex has a tendency to a lamellar arrange- 
ment, running parallel to the capsule and leadmg to an apparent 
separation of the glomeruh Compensatory dilatation of unaffected 
tubules does not occur immediately beneath the capsule, as m other 
forms of renal disease, but m a zone 1 to 2 mm beneath the capsule, 
the subcapsular tubules bemg atrophic and distorted No colloid 
casts ate seen Infiltration of a small number of leukocytes in the 
mterstitial tissue ma> occur, but the pelvis is essentially free from 
such infiltration No specific vascular changes are present m hydro- 
nephrosis Hyaline artcnolosclcrosis was found m a few instances 
in elderly persons Hypertension was present in only 5 of 22 mw 
These were elderly persons, hence the hypertension is to bt considered 
an independent condition 

The signs of inflammation and the absence of colloid casts should 
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aid m the differential diagnosis of hydronephrosis and pyelonephntis 
The two diseases are frequently combined and in such cases the fea- 
tures of both can be recognized It should be emphasized that renal 
changes are not always present in hydronephrosis Thus among 22 
cases of hydronephrosis without pyelonephritis there were 14 m which 
changes m the renal parenchyma were not present 

5 Congenttal hypoplasia In certam cases one kidney or both 
kidneys are found to be extremely small and the question arises 
whether one is deahng with congemtal hypoplasia, with childhood 
pyelonephritis or with a combmation of the two The congemtaUy 
hypoplastic kidney occurs m two forms One is a immature kidney 
havmg all the constituents of the normal kidney The other type, 
better termed aplastic, shows a rudimentary structure Such a kidney 
may be made up of large tubules, some of which resemble coUectmg 
tubules No glomenih are present The tubules and the vessels 
show no orderly arrangement, but they may be fairly well developed 
The substance of such a kidney is largely connective tissue The 
ureter may be patent or nonpatent or may be absent The renal 
artery of a congemtaUy aplastic kidney is dimimshed m size If 
pyelonephritis is superimposed, coUoid casts are found m the few 
existmg tubules and there is infiltration of lymphocytes and plasma 
ceUs m the connective tissue The vessels m a congemtaUy aplastic 
kidney show no change unless there is a superimposed pyelonephritis, 
m such cases changes occur similar to those described in pyelonephritis 
alone 

6 Healed infarcts The scars of healed infarcts are similar m 
type to those of pyelonephntis and grossly the two may be confused 
HistologicaUy, however, there is rarely any difficulty m distmgmshmg 
th em In a healed infarct the most promment feature is the per- 
sistence of the glomenih as sphencal nodules with loss of structure 
and obhteration of the capsular space Only a few tubules remam 
and these are markedly atrophic Often hemosidenn is present 
No infiltration is present m the scar itself although there may be 
some lymphocytes at the penphery Any persisting artenoles or 
artenes show marked narrowmg of their lumens due to thickenmg 
and hyahnization of their mtimas When stamed for elastic tissue, 
masses of such tissue can be distmguished, these represent blood ves- 
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sel 3 , of which the other component parts have entirely disappeared 
Not infrequently the occluded artery which caused the infarct con- 
tains an organized and recanahzed thrombus 

DISCUSSION 

This study confirms the behef that pyelonephritis is of great sig- 
nificance m climcal medicme. The high frequency of bacterial infec- 
tion of the kidney becomes evident when one considers that, m our 
experience, chrome and healed pyelonephritis occurred more fre- 
quently than chrome glomerulonephritis As judged from climcal 
experience, acute pyelonephritis is the most frequent disease of the 
kidney Gdppert has aptly characterized pyelitis as a VolkskraiikhtU 
Staemmler (32) has pomted out that of the chrome renal diseases 
assoaated with “contracted” kidneys only nephrosclerosis is more 
common than chrome pyelonephntis The latter is responsible for 
renal failure more often than chrome glomerulonephntis Thus m 
a group of 55 cases with “contracted” kidneys 27 were caused by 
nephrosclerosis, 18 by pyelonephritis and 10 by glomerulonephritis 
In the Boston City Hospital during a 5 year penod 272 cases were 
diagnosed on histologic examination as vanous types of pyelonephritis 
and 164 as vanous types of gloraerulonephntis It is probable that 
a closer scrutmy of the histologic diagnosis of the latter group, in the 
hght of present knowledge, would result in a decrease m the number of 
cases of glomerulonephntis m favor of pyeloneplintis 
The data here presented confirm the concept that pyuna of renal 
ongm is usually associated with infection and inflammation of both 
the parenchyma and the pelvis Except m rare mstances, “pjelitis” 
IS a misnomer In 1934 Putschar (31) stated that “ not infre- 
quently behind the chmeal picture of pyelitis there is actually a pyelo- 
ncphnlis” In our expenence, infection of the renal pelvis without 
parenchymatous infection occurred in only 1 case The stnking 
discrepancy between the large number of acute coses and the con- 
siderably smaller number of chronic cases of pj clonephntis indicates 
that acute pjelonephntis (“pyelitis") heals in the majontj of in- 
stances The acute infection usually leaves behind small, incon- 
sequential scars If the infection persists or if it recurs frequently , 
howeeer, pyelonephritis becomes a disease of grayc prognostic sig- 
nificance 



298 


SOMA WEISS AND EREDERIC PARKER, JR 


The stmctural changes in pyelonephritis are quite similar, regardless 
of whether the disease is hematogenous (descendmg), urogenous 
(ascendmg) or lymphatic m ongm Hence, as pomted out by Put- 
schar (31), the restnction of the term pyelonephritis to the designation 
of ascendmg unnary infections, as proposed by Kaufmann and Aschoff, 
IS not tenable Subdassifications of acute pyelonephritis may be of 
value from the pomt of view of the morphologist, but here they are 
of httle practical significance 

The relative degree and extent of inflammation of the mterstitial 
tissue as compared with that of the nephrons, as has been stated, 
varied from case to case, as well as m the same case at different stages 
The seat of infection and inflammation is usually predommantly 
within the mterstitial tissue, mcludmg the penglomerular and pen- 
tubular Ijrmphatics We have observed mstances of mterstitial 
infection and inflammation without mtratubular mvolvement The 
reverse relation was not encountered The localization of infection 
and inflammation has an important bearmg on the discrepancy 
between the unnary findmgs and the symptomatology frequently ob- 
served m the course of this disease 

As this mvestigation dealt mainly with the chrome stage of pyelo- 
nephntis and smee no systematic bactenologic exammation of the 
unne was made, adequate data are not available concemmg the 
relative frequency of the causative orgamsms The literature m- 
dicates that the causative orgamsm vanes at different age penods 
Thus Putschar (31) stated that B cob are responsible for 90 per cent 
of the cases in childhood, and staphylococci for from 30 to 40 per 
cent m aged males The hterature on the r61e of congemtal and ac- 
quired anatormc lesions m the development of renal infection has been 
summarized by Hashnger (4) and by Putschar (31) While deformi- 
ties of the calyces, pelvis and ureter are, m our expenence, frequently 
present, their absence does not preclude the possibihty of pyelo- 
nephntis In an appreciable number of mstances such defonm- 
ties were not present The outflow of the urme was usually not 
obstructed 

The duration and virulence of the infection and the resultmg 
parenchymatous damage to the nephrons and the artenes, and par- 
ticularly to the artenoles, determme the clmical manifestations of 
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the disease m its chronic stages On the whole, with advancing stages 
of the disease and with the development of “contracted" and ir- 
regularly scarred kidneys local manifestations, such as pain, pyuna, 
dysuna and bacdluna, tend to disappear, while symptoms of artenal 
hypertension and renal failure are more apt to appear insidiouslj 
In chrome active cases, however, there may be manifestations of both 
infection and renal failure In cases with healed pyelonephritis, if 
the infection has been diffuse, hypertension and renal failure ma> 
develop long after the active infection has subsided The inflam- 
matory process can presumably, mdependently of the infection, 
progressively affect the nephrons and arterioles, resultmg m the 
rliniral manifestations desenbed The diflSculty encountered m the 
diagnosis of healed pyelonephritis has been pointed out Without 
an adequate history the diagnosis often cannot be made The major- 
ity of these cases are misdiagnosed as “primary” hypertension, 
“raahgnant" hypertension or glomcrulonephntis 
The general ngntficance of hyperplastic artenolosclerasis and pro- 
ductive endarteritis These vascular changes should be considered 
as prohferative rather than degenerative lesions They occur m a 
vanety of conditions, cither as a systemic or as a localized vascular 
response to certam noxious stimub Thus they may be present m 
the lungs as localized lesions m old tuberculous cavities, in areas 
involved by abscess, m “caremomatous lymphangitis” or in em- 
physema They may also occur in and around gastnc and duodenal 
ulcers This indicates that infection is not essential for the develop- 
ment of these vascular lesions 

While the presence of vascular lesions m many organs is of no 
espeaal clmical significance, their occurrence in the kidney, bram 
and heart may lead to far-reaclung changes In the kidney these 
vascular changes are particularly significant because the narrowing 
of the individual nutnent arteries or arterioles leads to impairment 
of the nephrons and of renal functions, while the generalized renal 
ischemia causes sc%cre hypertension Hence such progressive, 
obliterative vascular lesions of the kidney represent danger from 
two related yet independent sources It should be pomted out, how- 
ever, that unless the decrease in lumen is pronounced, artenal changes 
mthout artenolar changes do not as a rule result m hypertension 
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In a previous study we reported tiie occurrence of pulmonary 
hyperplastic artenolosclerosis m patients with advanced mitral 
stenosis (28) We drew certam analogies between vascular changes 
m this group and m patients with mahgnant nephrosclerosis The 
chnical, physiologic and morphologic findings mdicated a close 
parallehsm between the pulmonary circuit m the group of cases of 
mitral stenosis and the larger circmt m the group designated as 
malignant hypertension with mahgnant nephrosclerosis In an 
attempt to explain the etiology of the pulmonary h)^erplastic ar- 
tenolosclerosis we have presented evidence showmg that the com- 
bined effect of ( 1 ) high arteriolar and capillary pressure, (2) slow 
blood flow and stagnation and (5) penvascular edema results in 
such advanced vascular changes Long-persistmg pulmonary edema 
induced by the prolonged administration of oxygen under high 
barometnc pressure causes similar vascular lesions m the lung of 
the rat (33) The pulmonary arterial pressure was elevated m these 
animals (34) We have also referred to observations on animals 
and on man mdicatmg that hyperplastic artenolosclerosis m the 
lungs and m the kidney may develop withm as short a penod as 
2 months In this connection we wish to pomt out that advanced 
hyperplastic renal artenolosclerosis was noted m a 6-month-old baby 
with chrome pyelonephntis 

The relation of hyperplastic artenolosclerosis to local diseases of 
vanous organs mdicates that under certam conditions chrome m- 
flammation of bactenal as well as of nonbactenal ongm is responsible 
for the development of this vascular lesion The exact mechanism 
of the development of the lesion is not known The effect of protems 
or their denvatives m mducmg proliferation of tissues is estabhshed 
(34a) It IS possible that transudation of such chemical substances 
mto the vascular layers is the factor responsible for settmg up prohfer- 
ative changes Such physicochemical changes may be locahxed 
withm a portion of an organ or they may affect more than one organ 

Fahr assumed the presence m mahgnant nephrosclerosis of a toxm 
which directly injures the vessel wall and leads to necrosis and m- 
flammatory changes (35) Volhard (36) considered the mmute 
vascular lesions m mahgnant nephrosclerosis to be the end result of 
prolonged ischemia due to contraction of the larger artenes Schiir- 
mann and MacMahon (37) claimed that injury to the endothehum 
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IS the primary change The endothehum constitutes a barner 
between the blood and the tissue fluid, and when this is mjured 
substances from the blood may pass mto the vessel wall Schtlrmann 
and MacMahon have even fwstulatcd that if the endothelial damage is 
shght the substances may be of fluid nature If, on the other hand, 
the damage is great and the endothehum itself is destroyed, cellular 
elements also may pass into the walL “The change m the blood is 
almost immediate coagulation, whereas the change m the wall vanes 
from a mucoid degeneration of the mtima to fragmentation and 
necrosis ” While the details of this hypothesis lack evidence, the 
concept which we have projxised is m general agreement with Schlir- 
mann and MacMahon’s theory 

The question anses as to the nature of the relation between 
hyperplastic and hyahne artenolosclerosis Hyahne artenolo- 
sclerosis is the artenolar counterpart of simple artenosclerosis and, 
as has been suggested by Montz and Oldt (38) and others, is an 
agmg process, the result of “wear and tear” which is accentuated 
by hypertension Montz and Oldt have imphed that hyperplastic 
(proliferative) and hyahne artenolosclerosis do not differ sig- 
nificantly m etiology or m effect They beheve that hyperplastic 
artenolosclerosis may be an early stage of the hyahne type Such 
a concept is not m entire agreement with our findmgs We have 
discovered no or only a shght degree of hyahne degeneration of the 
hyperplastic artcnolcs observed m the lungs m mitral stenosis or m 
the kidney m pyelonephntis It may be claimed, however, that these 
patients did not hvc long enough to develop byahnization The most 
important evidence against the common ongm of the two types of 
artenolosclerosis is the fact that m cases of chrome (benign) nephro- 
sclerosis one does not usually sec hyperplastic artenolosclerosis 
If the latter were the forerunner of the hyahne type it should be present 
particularly m patients dymg early from causes other than uremia 
Hyahne as well as hyperplastic artenolosclerosis is not rare m severe 
hypertension (malignant) of long duration Hen, the two types are 
present os manifestations of two independent processes or because the 
hypertension aggravates the wear and tear Because of these con- 
^derations we beheve that hyperplastic artenolosclerosis is not a 
degenerative response 

Picloncphrtlis and hypertension While hypertension is not pres- 
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ent m the first attack of acute pyelonephritis, in the chronic and 
healed stage, as is indicated by the data presented, it is frequently 
present in its severe form The association of hypertension with 
pyelonephritis has been pointed out by few observers An examina- 
tion of cases reported m the hterature also attests this close cor- 
relation It is only in recent years that specific attention has been 
called to this phase of the problem In a study of malignant hyper- 
tension and mahgnant nephrosclerosis we have pomted out that m 
one group of cases pyelonephntis was present (39, 40) Longcope 

(41) also noted the frequent presence of hypertension “as one of the 
late manifestations of the disease ” In 11 of 12 cases with hyper- 
tension winch he studied vascular changes were observed m the 
retma dunng life In the fatal cases, no pronounced or extensive 
hyaline sclerosis of the arterioles of the kidneys or other organs, 
such as the pancreas, adrenals and mtestmes, was observed In 
some of the cases a minimal degree of hyahne sclerosis was found 
Longcope states that pathologic vascular lesions (presumably 
refernng to hyahne degeneration of the arterioles) are not present 
He was unable to correlate the arterial hypertension either with 
morphologic vascular lesions or with renal insuffiaency Butler 

(42) discusses 15 patients (6 dead and 9 hvmg) who had chrome 
pyelonephritis and hypertension for a penod of years before there 
was appreaable diminution m kidney function 

It may be mentioned here that a survey of our cases of mahgnant 
hypertension occurnng m the Boston City Hospital during the past 
4 years mdicated that approximately 15 to 20 per cent were on a 
pyelonephntic basis In contrast to this, it was found that pyelo- 
nephntis was rarely assoaated with the various types of glomerulo- 
nephritis On the other hand, a large proportion of cases of bilateral 
congemtally polycystic kidneys were compheated by pyelonephritis 
and showed the assoaated vascular changes desenbed above 

Certam chmeal features of the hypertension observed m pyelo- 
nephntis have charactenstics which deserve emphasis As m other 
types of severe hypertension, changes m the retmal artenal vessels 
frequently occur Pickermg (43) reported the assoaation of al- 
bummunc retmitis with high spmal fluid pressures Such an associ- 
ation also exists m chrome and healed pyelonephritis, as is mdicated 
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by the case reports Spinal fluid pressures as high as 400 mm HjO 
were observed Cerebral symptoms, such as headaches, throbbing, 
penodic visual disturbances, confusion, lack, of capacity to con- 
centrate, vascular crisis and transient unconsciousness occurred as 
frequently as in other types of severe hypertension Thrombosis 
or hemorrhage of the cerebral artenes, as well as coronary disease, 
rarely occurred m contrast to other types of malignant nephro- 
sclerosis Similarly, the degree of cardiac hypertrophy was less 
severe hlacMahon and Pratt (44) found that the average cardiac 
weight in a group of 60 patients with mahgnant nephrosclerosis of 
undetenmned and presumably vaned etiology was about 600 grams, 
while m our group of 38 cases with chronic or healed pyelonephritis 
and both chmcal and histologic evidence of “mahgnant” vascular 
changes and hypertension it was about 450 grams Whether this 
vanation is explained by the diflerence m the duration of the disease 
or by the fact that the group with pyelonephntis is younger, cannot 
be stated Of 60 patients studied by MacMahon and Pratt, 35 died 
of uremia, 12 of extensive cerebral hemorrhage, 10 of heart failure, 2 
of aortic rupture and others of pneumonia, erysipelas and septicemia 
In a group of 38 patients in our senes wnth chronic or healed pyelo 
ncphntis and with mahgnant h>pertension on whom adequate clmical 
and postmortem data were availahle, 20 died of uremia, 3 of functional 
left vcntncular failure (cardiac asthma) ivithout coronary disease or 
thrombosis, 3 of rheumatic heart disease, 4 of cerebral encephalopathy 
(vascular crisis), 1 of menmgeal hemorrhage, 2 of dissectmg aneurj sm, 
1 of pcntomtis and Intcslmal mfarction as a result of productive 
endartentis of the supenor mesentenc artery, and 4 of a combmation 
of bronchopneumonia and renal failure The ranty of organic diseases 
of the brain and heart differentiates the group havmg pjeloncphntis 
from both the benign and the malignant group of other etiology 
Ihc probable explanation for this difference lies in the fact that the 
vascular changes in pyelonephritis depend primarily on local inflam- 
matory processes in the kidney ami the vessels of other organs remain 
relatively unaffected In benign and malignant nephrosclerosis, on 

c other hand, we are usuaily dcalmg with a generahred disease of 
the artcnal and arteriolar systems 

We have shown that a relation exists between certam tyqies 
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ent m the first attack of acute pyelonephntis, m the chrome and 
healed stage, as is indicated by the data presented, it is frequently 
present in its severe form The association of hjqiertension with 
pyelonephntis has been pointed out by few observers An examina- 
tion of cases reported m the literature also attests this close cor- 
relation It IS only in recent years that specific attention has been 
called to this phase of the problem In a study of malignant hyper- 
tension and mahgnant nephrosclerosis we have pomted out that m 
one group of cases pyelonephntis was present (39, 40) Longcope 

(41) also noted the frequent presence of hypertension “as one of the 
late manifestations of the disease ” In 11 of 12 cases with hyper- 
tension which he studied vascular changes were observed m the 
retma dunng life In the fatal cases, no pronounced or extensive 
hyalme sclerosis of the artenoles of the kidneys or other organs, 
such as the pancreas, adrenals and mtestines, was observed In 
some of the cases a minimal degree of hyahne sclerosis was found 
Longcope states that pathologic vascular lesions (presumably 
refemng to hyahne degeneration of the arterioles) are not present 
He was unable to correlate the artenal hypertension either with 
morphologic vascular lesions or with renal insuffiaency Butler 

(42) discusses 15 patients (6 dead and 9 hvmg) who had chrome 
pyelonephntis and hypertension for a penod of years before there 
was appreaable dimmution m kidney function 

It may be mentioned here that a survey of our cases of mahgnant 
hypertension occurnng m the Boston City Hospital dunng the past 
4 years mdicated that approximately 15 to 20 per cent were on a 
pyelonephntic basis In contrast to this, it was foimd that pyelo- 
nephntis was rarely assoaated with the vanous types of glomerulo- 
nephntis On the other hand, a large proportion of cases of bilateral 
congenitally polycystic kidneys were compheated by pyelonephntis 
and showed the assoaated vascular changes desenbed above 

Certam chmeal features of the hypertension observed m pyelo- 
nephntis have characteristics which deserve emphasis As m other 
types of severe hypertension, changes m the retinal artenal vessels 
frequently occur Pickenng (43) reported the assoaation of al- 
bummunc retmitis with high spinal flmd pressures Such an assoa- 
ation also exists m chrome and healed pyelonephntis, as is mdicated 
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by the case reports Spinal fluid pressures as high as 400 mm HjO 
were observed Cerebral symptoms, such as headaches, throbbmg, 
periodic visual disturbances, confusion, lack of capacity to con- 
centrate, vascular crisis and transient unconsaousness occurred as 
frequently as m other types of severe hypertension Thrombosis 
or hemorrhage of the cerebral arteries, as well as coronary disease, 
rarely occurred m contrast to other types of malignant nephro- 
sclerosis .S imil arly, the degree of cardiac hypertrophy was less 
severe Machlahon and Pratt (44) found that the average cardiac 
weight m a group of 60 patients with mahgnant nephrosclerosis of 
undetermined and presumably vaned etiology was about 600 grams, 
while in our group of 38 cases with chronic or healed pyelonephntis 
and both climcal and histologic evidence of “mahgnant” vascular 
changes and hypertension it was about 450 grams Whether this 
variation is eiplamed by the difference m the duration of the disease 
or by the fact that the group with pyelonephntis is younger, cannot 
be stated Of 60 patients studied by MacMahon and Pratt, 35 died 
of uremia, 12 of extensive cerebral hemorrhage, 10 of heart failure, 2 
of aortic rupture and others of pneumonia, erysipelas and septicemia 
In a group of 38 patients m our senes with chrome or healed pyelo- 
nephntis and with mahgnant hypertension on whom adequate dimcal 
and postmortem data were available, 20 died of uremia, 3 of functional 
left ventncular failure (cardiac asthma) without coronary disease or 
thrombosis, 3 of rheumatic heart disease, 4 of cerebral encephalopathy 
(vascular crisis), 1 of memngeal hemorrhage, 2 of dissectmg aneurysm, 
1 of pcntomtis and mtestmal infarction as a result of productive 
endartentis of the supenor mesentenc artery, and 4 of a combmation 
of bronchopneumonia and renal failure The ranty of orgamc diseases 
of the brain and heart differentiates the group havmg pyelonephntis 
from both the bemgn and the mahgnant group of other etiology 
The probable explanation for this difference lies m the fact that the 
vascular changes m pyelonephntis depend pnmanly on local inflam- 
matory processes m the kldnej and the vessels of other organs remam 
relatively unaffected In bemgn and mahgnant nephrosclerosis, on 
the other hand, ue arc usually dcalmg with a generalized disease of 
the artenal and artenolar systems 

We have shown that a relation exists between certam types 
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ent in the first attack of acute pyelonephritis, m the chronic and 
healed stage, as is indicated by the data presented, it is frequently 
present in its severe form The association of hjqiertension with 
pyelonephritis has been pomted out by few observers An examina- 
tion of cases reported m the hterature also attests this close cor- 
relation It IS only m recent years that specific attention has been 
called to this phase of the problem In a study of mahgnant hjqier- 
tension and mahgnant nephrosclerosis we have pomted out that m 
one group of cases pyelonephritis was present (39, 40) Longcope 

(41) also noted the frequent presence of hypertension “as one of the 
late manifestations of the disease ” In 11 of 12 cases with hyper- 
tension which he studied vascular changes were observed m the 
retma durmg life In the fatal cases, no pronounced or extensive 
hyahne sclerosis of the arterioles of the kidneys or other organs, 
such as the pancreas, adrenals and mtestmes, was observed In 
some of the cases a minimal degree of hyahne sclerosis was found 
Longcope states that pathologic vascular lesions (presumably 
refemng to hyahne degeneration of the artenoles) are not present 
He was imable to correlate the artenal hypertension either with 
morphologic vascular lesions or with renal insu&ciency Butler 

(42) discusses 15 patients (6 dead and 9 hvmg) who had chronic 
pyelonephritis and hypertension for a penod of years before there 
was appreaable diminution m kidney function 

It may be mentioned here that a survey of our cases of mahgnant 
hypertension occurrmg m the Boston City Hospital during the past 
4 years mdicated that approximately 15 to 20 per cent were on a 
pyelonephritic basis In contrast to this, it was found that pyelo- 
nephritis was rarely assoaated with the various types of glomerulo- 
nephritis On the other hand, a large proportion of cases of bilateral 
congemtaUy polycystic kidneys were comphcated by pyelonephritis 
and showed the assoaated vascular changes descnbed above 

Certam climcal features of the hjqiertension observed m pyelo- 
nephritis have charactenstics which deserve emphasis As m other 
types of severe hypertension, changes m the retinal artenal vessels 
frequently occur Pickermg (43) reported the association of al- 
bummunc retmitis with high spmal flmd pressures Such an associ- 
ation also exists m chrome and healed pyelonephntis, as is mdicated 
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by the case reports Spinal fluid pressures as high as 400 mm HiO 
were observed Cerebral symptoms, such as headaches, throbbmg, 
periodic visual disturbances, confusion, lack of capacity to con- 
centrate, vascular crisis and transient unconsciousness occurred as 
frequently as m other types of severe hypertension Thrombosis 
or hemorrhage of the cerebral arteries, as well as coronary disease, 
rarely occurred m contrast to other types of mahgnant nephro- 
sclerosis Similarly, the degree of cardiac hypertrophy was less 
severe MacMahon and Pratt (44) found that the average cardiac 
weight m a group of 60 patients with mahgnant nephrosclerosis of 
undetermmed and presumably varied etiology was about 600 grams, 
while m our group of 38 cases with chronic or healed pyelonephritis 
and both clinical and histologic evidence of “mahgnant” vascular 
changes and hypertension it was about 450 grams Whether this 
variation is explamed by the difference m the duration of the disease 
or by the fact that the group with pyelonephntis is younger, cannot 
be stated Of 60 patients studied by MacMahon and Pratt, 35 died 
of uremia, 12 of extensive cerebral hemorrhage, 10 of heart failure, 2 
of aortic rupture and others of pneumonia, erysipelas and septicemia 
In a group of 38 patients m our senes with chrome or healed pyelo- 
nephnbs and with mahgnant hypertension on whom adequate clini cal 
and postmortem data were available, 20 died of uremia, 3 of functional 
left ventncular fadure (cardiac asthma) without coronary disease or 
thrombosis, 3 of rheumatic heart disease, 4 of cerebral encephalopathy 
(vascular crisis), 1 of menmgeal hemorrhage, 2 of dissectmg aneurysm, 
1 of pentonitis and mtcstmal infarction as a result of productive 
endortentis of the supenor mesentenc artery, and 4 of a combination 
of bronchopneumoma and renal failure The ranty of organic diseases 
of the bram and heart differentiates the group havmg pyelonephntis 
from both the bemgn and the mahgnant group of other etiology 
The probable explanaUon for this difference hes m the fact that the 
vascular changes m pyelonephntis depend primarily on local mflam- 
matory processes m the kidney and the vessels of other organs remam 
rdatively unaffected In bemgn and mahgnant nephrosclerosis, on 
c other hand, we are usually deahng with a generalized disease of 
the artenal and artenolar systems 
Wc have shown that a relation exists between certam types 
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ent m the first attack of acute pyelonephritis, in the chronic and 
healed stage, as is indicated by the data presented, it is frequently 
present in its severe form The association of hypertension with 
pyelonephntis has been pomted out by few observers An examma- 
tion of cases reported in the hterature also attests this close cor- 
relation It IS only m recent years that specific attention has been 
called to this phase of the problem In a study of mahgnant hyper- 
tension and mahgnant nephrosclerosis we have pomted out that m 
one group of cases pyelonephritis was present (39, 40) Longcope 

(41) also noted the frequent presence of hypertension “as one of the 
late manifestations of the disease ” In 11 of 12 cases with hyper- 
tension which he studied vascular changes were observed m the 
retma durmg hfe In the fatal cases, no pronounced or extensive 
hyaline sclerosis of the artenoles of the kidneys or other organs, 
such as the pancreas, adrenals and mtestmes, was observed In 
some of the cases a minimal degree of hyahne sclerosis was found 
Longcope states that pathologic vascular lesions (presumably 
referring to hyahne degeneration of the artenoles) are not present 
He was unable to correlate the artenal hypertension either with 
morphologic vascular lesions or with renal msn&ciency Butler 

(42) discusses 15 patients (6 dead and 9 hvmg) who had chrome 
pyelonephntis and hypertension for a penod of years before there 
was appreaable diminution m kidney function 

It may be mentioned here that a survey of our cases of mahgnant 
hypertension occurnng m the Boston City Hospital dimng the past 
4 years mdicated that approximately 15 to 20 per cent were on a 
pyelonephritic basis In contrast to this, it was foimd that pyelo- 
nephntis was rarely assoaated with the various types of glomerulo- 
nephntis On the other hand, a large proportion of cases of bilateral 
congemtally polycystic kidneys were compheated by pyelonephntis 
and showed the assoaated vascular changes described above 

Certain climcal features of the h 3 pertension observed m pyelo- 
nephritis have characteristics which deserve emphasis As m other 
types of severe hypertension, changes in the retmal artenal vessels 
frequently occur Pickermg (43) reported the association of al- 
bummunc retmitis with high spmal flmd pressures Such an associ- 
ation also exists m chrome and healed pyelonephritis, as is mdicated 
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by the case reports Spinal fluid pressures as high as 400 mm HiO 
were observed Cerebral symptoms, such as headaches, throbbing, 
penodic visual disturbances, confusion, lack of capaaty to con- 
centrate, vascular cnsis and transient unconsaousness occurred as 
frequently as m other types of severe hypertension Thrombosis 
or hemorrhage of the cerebral artenes, as well as coronary disease, 
rarely occurred m contrast to other types of mahgnant nephro- 
sclerosis Similarly, the degree of cardiac hypertrophy was less 
severe MacMahon and Pratt (44) found that the average cardiac 
weight m a group of 60 patients with mahgnant nephrosclerosis of 
undetermmed and presumably varied etiology was about 600 grams, 
while m our group of 38 cases with chronic or healed pyelonephntis 
and both chmcal and histologic evidence of “mahgnant” vascular 
changes and hypertension it was about 450 grams Whether this 
vanation is expla-'oed by the difference m the duration of the disease 
or by the fact that the group with pyelonephritis is younger, cannot 
be stated Of 60 patients studied by MacMahon and Pratt, 35 died 
of uremia, 12 of extensive cerebral hemorrhage, 10 of heart failure, 2 
of aortic rupture and others of pneumonia, erysipelas and septicemia 
In a group of 38 patients m our senes with chronic or healed pyelo- 
nephntis and with mahgnant hypertension on whom adequate chmcal 
and postmortem data were available, 20 died of uremia, 3 of functional 
left ventncular failure (cardiac asthma) without coronary disease or 
thrombosis, 3 of rheumatic heart disease, 4 of cerebral encephalopathy 
(vascular crisis), 1 of meningeal hemorrhage, 2 of disscctmg aneurysm, 
1 of pentonitis and mtestmol infarction as a result of productive 
endartentis of the supenor mescntenc artery, and 4 of a combmation 
of bronchopncumoma and renal failure The ranty of orgamc diseases 
of the bram and heart differentiates the group havmg pyelonephritis 
from both the benign and the mahgnant group of other etiology 
The probable explanation for this difference lies m the fact that the 
vascular changes in pyelonephritis depend primarily on local inflam- 
matory processes m the kidney and the vessels of other organs remain 
relatively unaffected In bemgn and mahgnant nephrosclerosis, on 
the other hand, i\e are usually dcalmg with a generalized disease of 
the artcnal and arteriolar systems 
We have shown that a relation exists between certain types 
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ent m the first attack of acute pyelonephritis, m the chronic and 
healed stage, as is indicated by the data presented, it is frequently 
present in its severe form The association of hypertension with 
pyelonephritis has been pomted out by few observers An examina- 
faon of cases reported in the bterature also attests this close cor- 
relation It IS only m recent years that specific attention has been 
called to this phase of the problem In a study of malignant hyper- 
tension and mahgnant nephrosclerosis we have pomted out that m 
one group of cases pyelonephritis was present (39, 40) Longcope 

(41) also noted the frequent presence of hypertension “as one of the 
late manifestations of the disease ” In 11 of 12 cases with hyper- 
tension which he studied vascular changes were observed m the 
retma durmg life In the fatal cases, no pronounced or extensive 
hyahne sclerosis of the arterioles of the kidneys or other organs, 
such as the pancreas, adrenals and intestmes, was observed In 
some of the cases a minimal degree of hyahne sclerosis was found 
Longcope states that pathologic vascular lesions (presumably 
referrmg to hyahne degeneration of the artenoles) are not present 
He was unable to correlate the artenal hypertension either with 
morphologic vascular lesions or with renal insufficiency Butler 

(42) discusses 15 patients (6 dead and 9 hvmg) who had chrome 
pyelonephritis and hypertension for a penod of years before there 
was appreciable diminution in kidney function 

It may be mentioned here that a survey of our cases of mahgnant 
hypertension occurrmg m the Boston City Hospital during the past 
4 years mdicated that approximately 15 to 20 per cent were on a 
pyelonephntic basis In contrast to this, it was found that pyelo- 
nephntis was rarely assoaated with the vanous types of glomerulo- 
nephritis On the other hand, a large proportion of cases of bilateral 
congemtaUy polycystic kidneys were compheated by pyelonephritis 
and showed the assoaated vascular changes desenbed above 

Certam climcal features of the hypertension observed m pyelo- 
nephritis have charactenstics which deserve emphasis As m other 
types of severe hypertension, changes m the retmal artenal vessels 
frequently occur Pickermg (43) reported the association of al- 
buminuric retmitis with high spmal fluid pressures Such an assoa- 
ation also exists m chrome and healed pyelonephntis, as is mdicated 
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by the case reports Spinal fluid pressures as high as 400 ram HiO 
were observed Cerebral symptoms, such as headaches, throbbmg, 
periodic visual disturbances, confusion, lack of capacity to con- 
centrate, vascular cnsis and transient unconsaousness occurred as 
frequently as m other types of severe hypertension Thrombosis 
or hemorrhage of the cerebral arteries, as well as coronary disease, 
rarely occurred m contrast to other types of mahgnant nephro- 
sclerosis Similarly, the degree of cardiac hypertrophy was less 
severe MacMahon and Pratt (44) found that the average cardiac 
weight m a group of 60 patients with mahgnant nephrosclerosis of 
undetermined and presumably vaned etiology was about 600 grams, 
while m our group of 38 cases ivith chronic or healed pyelonephntis 
and both chnical and histologic evidence of “mahgnant” vascular 
changes and hypertension it was about 450 grams Whether this 
variation is explamed by the difference m the duration of the disease 
or by the fact that the group with pyelonephntis is younger, carmot 
be stated Of 60 patients studied by MacMahon and Pratt, 35 died 
of uremia, 12 of extensive cerebral hemorrhage, 10 of heart failure, 2 
of aortic rupture and others of pneumonia, erysipelas and septicemia 
In a group of 38 patients m our senes with chronic or healed pyelo- 
nephntis and with mahgnant hypertension on whom adequate clmical 
and postmortem data were available, 20 died of uremia, 3 of functional 
left ventncular failure (cardiac asthma) without coronary disease or 
thrombosis, 3 of rheumatic heart disease, 4 of cerebral encephalopathy 
(vascular crisis), 1 of meningeal hemorrhage, 2 of dissectmg aneurysm, 
1 of pentomtis and mtesUnal mfarction as a result of productive 
cndartentis of the supenor mesentenc artery, and 4 of a combination 
of bronchopneumonia and renal failure The ranty of orgamc diseases 
of the bram and heart differentiates the group havmg pyelonephritis 
from both the benign and the mahgnant group of other etiology 
The probable explanation for this difference lies m the fact that the 
vascular changes m pyelonephntis depend primarily on local inflam 
matory processes in the kidney and the vessels of other organs remain 
relatively unaffected In bemgn and mahgnant nephrosclerosis, on 
the other hand, we are usually deahng with a generalized diseiiae of 
the artenal and arteriolar systems 
We have shown that a relation exists between certam types 
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of vascular changes, i e , hyperplastic artenolosderosis and pro- 
ductive endarteritis, on the one hand, and arterial hj^ertension, 
on the other No correlation was found, however, between renal 
failure and hypertension, a finding which is in agreement with the 
data presented by EUis and Evans (23) and by Longcope (41) We 
have also pomted out that while hyperplastic artenolosderosis 
depends on inflammatory reactions of tissues m pyelonephntis, 
hyahne artenolosderosis, such as occurs m benign nephrosclerosis, 
IS not related directly to inflammation 
We attach special significance to the observation that the vascular 
lesions m pyelonephritis are different from those m bemgn nephro- 
sderosis and are more apt to remam localized m the kidney They 
are characterized by proliferative (hyperplastic artenolosderotic) 
rather than by degenerative (hyahne) arteriolar changes From 
the onset of arterial hypertension, and even before, the vascular 
changes are identical with those found m malignant nephro- 
sderosis of any etiology These changes m pyelonephritis are con- 
sidered as responses to local tissue inflammation surroimdmg the 
vessels In view of the proliferative character of the vascular lesions 
affectmg the small arterioles and because the mam site of inflamma- 
tion is m the mterstitial tissue where the renal vessds are located, 
in diffuse chrome or healed pyelonephritis there is always danger 
of the development of a pronounced degree of renal ischemia and 
of severe (mahgnant) artenal hypertension 

Because of the similanty between changes m pyelonephntis and 
those occurnng m mahgnant hypertension of other etiology, the 
study of vascular changes m this condition offers an opportumty, as 
has been mdicated, for the study of the development of vascular 
changes assoaated with mahgnant hypertension Pyelonephntis 
IS one condition in which we can trace the sequence of events from 
the onset of the disease to the final stage of vascular changes and 
artenal hypertension In contrast, m other types of mahgnant 
(fuhmnatmg) and in bemgn (chrome) hypertension the vascular 
lesions are generahzed and the tngger mechanism is not weU imder- 
stood, hence the analysis of causal relationships is difficult 
The study presented indicates that the etiology of vascular changes 
differs m the so-called bemgn and mahgnant types of nephro- 
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sclerosis As we have suggested elsewhere, malignant nephrosclerosis 
IS usually related to infections or at least to inflammatory reactions 
of the body (39) This vascular response may be primary or may 
be superimposed on a pre&nstmg bemgn nephrosclerosis Cluneal 
evidence suggests that if the inflammatory vascular process (hyper- 
plastic arteriolosclerosis) is superimposed on a preexisting bemgn 
nephrosclerosis (hyalme degeneration) with h3fpertension, the prog- 
ress of the obhterative vascular changes and of the hypertension will 
be particularly rapid 

Because chrome pyelonephntis is a diffuse inflammatory disease 
of the kidney, the vascular changes are more apt to be localised m 
the kidney than they are m mahgnant nephrosclerosis of nonpyelo- 
nephntic ongm In the latter type we are presumably deahng with 
a generalized mflamraatory disease of the vessels Hypertension 
develops only if the small arterial vessels of the kidney are dvffiudy 
affected It is of mterest that m a study of hyahne artenolosderosis 
Montz and Oldt (38) observed the same relative susceptibilities of 
tissues, with the exception of the kidney, to artenolosderosis m 
hypertensive and in nonhypertensive subjects 

From this study no eiplanation can be offered as to why certain 
patients respond to pyelonephntis with more severe vascular changes 
than others Whether a more detailed study of the relation of local 
tissue changes to the vessels would supply an answer to this question, 
or whether we have to assume a certain specific mdividual response 
by different patients to the same inflammation, cannot be stated 

The evidence presented indicates that the hypertension m pyelo- 
nephritis depends on ohhterabve artenolar lesions of the renal 
vessels The relation of renal ischemia to hj’pcrtension has been 
advocated by Fohr (35) on the basis of morphologic considerations 
Goldblatt (45) has clearly demonstrated the dose correlation between 
partial obhteration of the renal artenea and hypertension The 
considerations here presented suggest that hypertension in pjdo 
nephritis is caused by a similar mechanism, smee obhterative vas- 
cular lesions exist m the kidney and may bb confined to that organ 
In view of the fact that it has been shown that a severe degree of 
hypertension of any etiology is always assoaated with generalized 
artenolar resistance (46, 47), this artenolar resistance m organs 
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other than the kidney in pyelonephritis is probably caused by humoral 
or nervous changes In other types of hypertension than that asso- 
ciated with pyelonephritis such conclusions can be drawn from evi- 
dence which IS less definite Nevertheless, m cases with chronic 
(bemgn) hypertension, m spite of generalized artenolosclerosis, 
Montz and Oldt found a close correlation between renal artenolo- 
sclerosis and hypertension 

There has been extensive discussion by several writers as to whether 
the separation of benign (chrome) and malignant (acute) hyper- 
tension IS justified Artenal hypertension is, at least in some clmical 
types, a response to renal ischenua In hyahne artenolosclerosis 
the ischemia, as indicated by the width of the lumens, tends to be 
less severe and less progressive than m the mahgnant type We 
have also presented some evidence that the etiology of the two types 
of sclerosis is different Hence, both from a prognostic and from 
an etiologic pomt of view, a separation is justified One must 
realize, on the other hand, that the chmeal features of the two syn- 
dromes may, at least for some time dunng the clmical course, be 
s imil ar Hence the diagnosis of mahgnant hypertension or nephro- 
sclerosis IS often made m retrospect 

Pyelonephritis and stones Several of the patients with chrome 
pyelonephritis had renal, pelvic or ureteral stones It is known that 
“primary” stone, like any other type of obstruction, predisposes to 
pyelonephritis (4) Contranwise, stones may develop as a result 
of pyelonephritis, particularly of staphylococac ongin In such 
cases, as has been shown by HeUstrom (48), aU layers of the stone 
contain clumps of staphylococa, indicatmg that the infection 
was primary and the stone formation secondary 

Pyelonephritis and toxemia of pregnancy The relation of low 
kidney reserve and arterial hypertension of vanous etiology to 
toxerma of pregnancy is recognized Obviously, toxemia of preg- 
nancy mcludes a number of unrelated complications of pregnancy 
(49) Our data do not permit an estimation of the r61e and mcidence 
of pyelonephritis m toxSmias of pregnancy It is of interest that 
m the group of patients with small pyelonephritic kidneys, out of 
8 with a history of pregnancy 6 had repeated attacks of toxemia 
In several mstances the toxemia developed before permanent hyper- 
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tension An example of such a case is given m Charts 5 and SA 
In none of the cases which we studied did fatal toxemia occur in 
association with pyelonephritis In our experience acute pyelo- 
nephritis per se is not responsible for toxemia unless we are dealing 



CiiAar 5 Features o? Clikical Course m a Youno Female Patteut imn Repeated 
Toxemias of Pregnancy 

Chail illuitratoi the development of severe (’‘malignant”) hypertension 

With the recurrent *‘acute and healed** type of disease Of 320 
patients with toxemia Peters (50) found that 13 per cent suffered 
at one time or another from conditions mduded under the terms 
pyeUtis and pyelonephritis It should be pointed out that recogni- 
tion of latent kidney disease m coses with toxemia and with chronic 
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pyeloneplintis may be particularly difficult because of the absence of 
specific unnary findings such as exist in glomerulonephritis 
Pyelmephntts and Bnght’s disease Bnght in his original paper 
(51) descnbed a disease of varied etiology leadmg to renal failure 



In the century foUowmg his great contribution important advances 
have been made m classifications of renal disease The classifica- 
tions proposed are somewhat arbitrary, as they usually fail to em- 
phasize the mterrelation between the vanous types of Bnght’s 
disease Indeed, pyelonephritis is not considered as a form of 
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Bnght’s disease (36, 52, S3, 54) The arbitrary separation of kidney 
diseases mto “medical” and “surgical” types has also delayed progress 
The fact that pyelonephntis can lead to renal failure, vascular lesions, 
and arterial hypertension long after the disappearance of bacterial 
infection mdicates that it should be considered as one form of Bnght’s 
disease 

Infection, exogenous and endogenous substances and the agmg 
processes can affect vanous portions of the nephrons or vascular 
elements m vanous combmations Depending on the specific localiza- 
tion of the functional or structural damage, vanous groups of renal 
diseases are separated with justification For obvious reasons cases 
with combmed renal diseases are more common than those with a 
smgle type of pathology The collective term Bnght’s disease is 
therefore still useful to remmd physiaans of the mterrelation between 
these groups 


StmilAHY AND CONCLUSIONS 

1 The natural history of pyelonephntis was studied m 100 selected 
cases with necropsies and also m selected climcal cases The mate- 
nal studied did not include cases with focal pyelonephntis of no 
dimcal significance 

2 The climcal course of pyelonephntis is strikingly vanable 
The renal infection often heals m a short time, although it may 
persist for years or for decades, durmg which activity may be con- 
tmuous or recurrent 

3 Pyehtis practically never exists unaccompamed by pyelo- 
nephntis 

4 Pyelonephntis has been classified as (a) acute, (6) chrome 
(active), (c) healed, (d) healed and recurrent The structural and 
climcal charactcnstics of the vanous types or stages have been 
defined and it has been emphasized that climcally, the sharp separa- 
tion of the vanous stages is often difificult 

5 The structural characteristics of pyelonephritis are essentially 
the same regardless of whether the infection is hematogenous (de- 
scending), urogenous (ascending) or lymphatic in ongm In all 
types marke d changes occur in the renal lymphatic system as well 
as in the nephrons 
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6 In chronic and healed pyelonephritis the mam morphologic 
charactenstics consist in (o) inflammatory reaction of the mterstitial 
tissues, (b) colloid casts m the tubules, which are hned with atrophic 
epithehum, (c) penglomerular fibrosis, (d) evidence of infection or 
inflammation withm the tubules 

7 A descnption has been given of the morphologic characteristics 
of various stages of pyelonephritis which serve to differentiate it 
from acute mterstitial nephritis, diffuse suppurative nephritis, 
glomerulonephritis, “bemgn” and “malignant” nephrosderosis, 
hydronephrosis, congemtal hypoplasia and aplasia and healed m- 
farcts 

8 The functional capacity of the kidney often shows a consider- 
able degree of fluctuation dunng the course of pyelonephritis 

9 Pyelonephritis, particularly m the chrome and the healed 
stages, is often assoaated with arterial hypertension This hyper- 
tension may be present with normal, adequate or poor function of 
the kidney The hjqiertension of pyelonephritis is often severe and 
is frequently accompamed by nervous symptoms, mcludmg cerebral 
encephalopathy, neuroretimtis and high cerebrospmal pressure, and 
by toxemia of pregnancy The syndrome of left ventncular failure 
with attacks of cardiac asthma was frequently observed Orgamc 
diseases of the cerebral and coronary vessels, m contrast to chrome 
hjrpertension and to “malignant” nephrosclerosis of other ongm, 
are rare The hypertension of pyelonephritis can be independent 
of the activity of renal infection It often advances when the disease 
IS m the healed stage 

10 Vascular changes frequently occur m pyelonephritis, par- 
ticularly dunng the chrome and the healed stages Acute artentis 
or artenohtis, resembhng lesions m periartentis nodosa, phlebitis, 
hyperplastic artenolosderosis, productive endartentis and nec- 
rotizmg artenohtis are the types of lesions which are related to 
the renal infection 

11 A relation was foimd between the seventy and diffuseness of the 
vascular lesions, on the one hand, and artenal hypertension, on 
the other hand Cases with severe hypertension had advanced 
hyperplastic artenolosderosis, a certam type of productive en- 
dartentis and necrotizmg artenohtis 
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12 The correlation between the size and the functional capaaty 
of the kidneys and hypertension was not so dose as the correlation 
between vascular changes and hypertension 

13 Vascular changes and hypertension did not occur in the 
group of cases ivith renal tuberculosis and hydronephrosis uiicoiii- 
pltcaled by pyelonephritis 

14 The relationship between hyperplastic and hyahne types of 
artenolosderosis has been investigated 

15 Evidence is presented which indicates that the i n fla m matory 
renal process and the mtravascular pressure are responsible for the 
arterial lesions described 

16 In umlateral pyelonephritis, particularly m cases without 
severe hypertension, the vascular lesions are confined to the affected 
side Unilateral pyelonephntis with advanced vascular changes, 
regardless of the size of the kidney, may or may not be assoaated 
with hypertension 

17 Because tbe vascular lesions m pyelonephntis are sumlar 
to the severe obhterative vascular lesions found m malignant 
nephrosderosis, there is a great tendency to severe hypertension 
m patients with pyelonephritis 

18 It IS estimated that pyelonephntis is responsible for at least 
IS to 20 per cent of cases of mahgnant hypertension 

19 The vascular lesions in chrome pyelonephntis are restricted 
mainly to the kidneys, m contrast to those m ‘'primary” malignant 
hypertension, which are generalized 

20 Polycystic kidneys, hydronephrosis and renal tuberculosis 
were often found compheated by pyelonephntis Glomerulo- 
nephntis and pyelonephntis, m our expenence, seldom coexisted 

21 Alterative glomeruhtis was found m cases with terminal 
uremia This type of glomerular lesion should be differentiated 
from that found in glomerulonephntis 

22 The “contracted” kidney of pyelonephntis (renal nckets 
type) is related to infection m childhood and interference with growth, 
rather than to congemtally hypoplastic or aplastic kidneys This 
type of pyelonephntis is apt to predispose to one form of toxemia of 
pregnancy 

23 The importance of the study of the artenal hypertension of 
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pyelonephritis lies m the fact that the sequence of events from the 
initial renal infection to the terminal stage of severe hypertension 
can be traced fairly clearly This type of hypertension is considered 
to be of renal ongm (Goldblatt) 

24 Pyelonephritis m the chrome and the healed stages should 
be considered as one type of Bnght’s disease m which infection 
and inflammation affect both the vessels and the nephrons The 
vascular and the renal functional damage are related to the same 
cause, but they may be mdependent of each other 

25 Chrome and healed pyelonephritis occurs more frequently 
than chrome glomerulonephntis 

26 Pyelonephntis is a disease of importance m obstetnes, pedi- 
atnes, mternal medicme and surgery and is one renal disease which 
can be treated effectively m its mapient stage 
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INTRODXJCnON 

Any elevation of systemic blood pressure is probably accompamed 
by a nse of blood pressure m the retmal arterial ^stem This rise 
m retinal mtra-artenal pressure may or may not be proportional to 
the nse of pressure m the brachial artenes under varymg conditions, 
as was demonstrated by the research of Bailhart, whose studies with 
the ophthalmodynamometer have been of great value from both the 
physiologic and climcal standpomts Elevation of the systemic, and 
presumably then of the retmal, blood pressure is usually, but not 
always, associated with structural changes m the retma or its vessels 
which can be recognized by ordmary ophthalmoscopic methods 
Therefore, careful examinations of the retinas of persons with elevated 
blood pressure can be of considerable value m diflerentiatmg vanous 
types of systemic disease m which an elevation of blood pressure occurs 
and m estimatmg the amount of associated organic change, partic- 
ularly m the ortenolcs If it can be assumed, as seems logical, that 
the visible reacbons in the retmal vessels are similar, though at times 
disproportionate, to the mvisible reactions takmg place m vessels of 
s imil ar size throughout the body, it is obvious that an explanation of 
the mechanism of these reactions m the retina will go far toward 
solvmg the mechanism of diffuse vascular disease This phase of 
ophthalmoscopy is of particular mtcrest to the mtemist 

***1*^1* ha\e revised and extended a report tridch appeared In lire Transactions 
of the FUleentli International Congress of Ophtialraology, Cano Egypt, 1937 
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It IS the mam purpose of this commumcation to summarize so far 
as possible our knowledge of the general features of hypertensive, 
vascular renal disease and the basic prmciples mvolved m the ongm 
of the disease and m the imtiation of its retinal comphcations, the 
serious nature of which from a general prognostic standpoint has 
long been recognized 

HISTORICAL Rf SUM:^ 

The first use of manometers for measunng blood pressure (1733) 
IS attributed to Stephen Hales, an Enghsh clergyman, and the first 
practical mstrument for estimatmg the blood pressure was devised 
by von Basch (24, 25) m 1880 The type of sphygmomanometer now 
m use was mvented by Riva-Rocci m 1896, and independently m 1897 
by Hill and Barnard It was not until after 1910, however, that 
sphygmomanometers were very generally used by practicmg physi- 
aans, and most of the volummous hterature on hypertension as a 
climcal entity dates from that time 

In speakmg of the relation of cardiac hypertrophy to renal disease, 
Richard Bnght expressed the behef that hypertrophy of the heart 
must be attnbuted to mcreased work performed by that organ The 
two most logical explanations for this mcreased work were, he thought, 
“either that the altered quahty of the blood affords imwonted stimulus 
to that organ immediately, or that it so affects the mmute and capil- 
lary circulation as to render greater action necessary to force the 
blood through the distant subdivisions of the vascular system ” 
FoUowmg the work of Bnght, the presence of an mcreased blood pres- 
sure m certam patients with albummuna v/as recognized by an m- 
creased tension or lessened compressibfiity of the radial pulse to 
palpation and later by sphygmographic studies The hypertension 
was considered to be mvanably a consequence of preexistmg renal 
disease or of artenosderosis 

George Johnson, m 1868, was one of the first to suggest that there 
was present m Bright’s disease a vascular factor m addition to the renal 
lesion He called attention to Bnght’s suggestion as to the etiology 
of the cardiac hypertrophy m chrome renal disease He also quoted 
Sanderson as saymg m the “Handbook of the Sphygmograph” that, 
“In cases of chronic Bnght’s disease with hypertrophy of the left 
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ventncle, the sphygmograph affords deaded evidence of increased 
artenal pressure ” Of his own studies, Johnson stated “In every 
fatal case of chronic Bright’s disease with hypertrophy of the left 
ventncle there has been decided hypertrophy of the artenal walls 
m most of the tissues exammed, not only m the kidneys, but also m 
the skm, the mtestmes, the muscles, and the pia mater”, and, “The 
facts hitherto observed all pomt to the conclusion that hypertrophy 
of the walls of the small artenes is a result of their contmued overacbon 
m opposition to the heart ” Evidently, however, he regarded the 
kidney as the primary source of the diflSculty, for he said “In pro- 
portion to the destruction of the renal gland cells and the consequent 
dimmution of the secretory jxiwer of the kidney, there is less demand 
for blood to be acted upon by the gland, the small artenes conse- 
quently contract upon their contents so as to m a in ta i n the balance 
between the blood supply and the dimimshed secretory action of the 
kidney This contmued overacbon of the small artenes m antago- 
nism to the heart results m hypertrophy of their muscular walls ” 
A few years later (m 1872), GuU and Sutton expressed the opimon 
that a “hyahn fibroid change” in the minute artenes, artenoles and 
capillanes of vanous tissues was the primary and essenbal phenom- 
enon m cases of chrome Bnght's disease with contracted kidneys 
They stated that this degeneration of the blood vessels commonly 
began m the kidneys, but that it might begm m other organs, so that 
hypertrophy of the heart with degenerabon of the blood vessels might 
be found assoaated with healthy kidneys. The contracbon and atro- 
phy of the kidneys usually present were considered by them to be 
“only part and parcel of the general morbid change ” They suggested 
the name “arteno-capillary fibrosis” for the disease enbty 
About thirty years later, m 1904, Jores mterpreted the vascular 
lesions m nephntis in a different manner than either Johnson or Gull 
and Sutton He did not deny that the musculans of the artenal 
Mails could hypertrophy m nephntis, but he contended that the 
hypertrophy was not a specific or donunant change in the small arter- 
ies m cases of contracted kidney Jores behoved that the lesion 
commonly seen m the small artenes m cases of nephntis was a “pure” 
artenosclcrosis characterized by fatty degenerabon of the mtima. 
This lesion of the small artenes was found not only m the kidnejs 
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may arise also “m primary irritability of the vasoconstnctmg mech- 
amsm from unknown, probably extrarenal causes, which lead 
eventually to arteriolar sclerosis ” 

Probably the most valuable contributions of more recent years have 
been those of VoUiard (236, 238), whose classification of the vanous 
forms of nephntis has been almost umversally accepted at the present 
time He divided the bilateral hematogenous renal diseases mto two 
mam groups In the first group no circulatory disturbance is present 
m the kidney This group mcludes pnnapally the nephroses and 
focal nephntides The second group, with which we are particularly 
concerned, mcludes those cases m which there is a disturbance of 
circulation m the kidneys To this group belong diffuse glomerulo- 
nephritis and nephrosclerosis In acute glomerulonephritis VoUiard 
postulated an angiospastic contraction of the renal vessels (237), 
m chrome glomerulonephritis, he assumed that there was an organic 
disturbance of circulation m the glomerular capillaries and renal 
vessels, with a resultant generalized contraction of the systemic 
artenes and a consequent nse in blood pressure The end result of 
this condition is the secondary contracted kidney In nephrosclerosis, 
the primary condition is essential hypertension and the end-stage 
the primary or genume contracted kidney Volhard (236, 238) has 
further subdivided nephrosclerosis mto the bemgn and mahgnant 
types Bemgn nephrosclerosis is associated with his “red hyper- 
tension” m which angiospastic features are absent This disease, 
accordmg to Volhard, is essentially artenal, there is a weakemng of the 
muscular coats of the artenes with hyperplasia of the elastica Ma- 
hgnant nephrosclerosis is assoaated with angiospastic or “pale” 
hypertension In the earlier stages of this disease, which is essen- 
tially arteriolar, hypertrophy of the muscles m the w'aUs of the smaller 
arteries and arterioles results from the persistent constriction In 
the termmal phases necrosis of the smallest artenes and artenoles 
m the kidneys is the charactenstic lesion Volhard would seem to 
be the first to stress the importance of angiospasm, particularly of 
the artenoles, m hypertensive disease, although the presence of artenal 
constnction had been recognized or suspected as previously noted 
Considerable discussion has centered on the question whether 
artenes or artenoles can remam for as long a penod of tune m a con- 
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ditioa of spasm as would be necessitated by Volbard's assumptions 
concemmg the pathogenesis of hypertension Pal’s views on this 
subject are of considerable mterest He stated that there are three 
causes of artenal narrowmg (1) esatation of the vasoconstrictors 
or direct stimulation of the fibnls, (2) transition of the mterstitial 
tissue mto the position of rest as a result of loss of blood or injury, 
as in active narrowing or collapse and (3) acute elevation of tone 
m the muscle of the artenal wall, a tonic stimulus Pal thought that 
spasm occurs only m the event of acute stimulation of the kmetic 
nerves or of the contractile fibnls directly, or else, perhaps, as a result 
of imtation of the mtima as by small emboh Active narrowmgs 
of the artenal wall proceed from the vasoconstnctors and consume 
energy matenal These are manmal spasms If the kinetic stimulus 
ceases, the hypertonic state and the position of the artenal wall may 
remain the same as far as it can resist the blood pressure This 
condition does not demand the consumption of energy A new kmetic 
stimulus can again induce qiasm In acute glomerulonephritis, 
accordmg to Pal, narrow hypertensive artenes are present several 
days before the appearance of changes m the unne They are not 
caused by the nephritis and can be seen also m mfections, lead poison- 
mg and eclampsia. In these diseases, because of vessel imtabihty, 
angiospasms — pressor crises — may occur They do not necessarily 
dose the vessels But these spasms are not present m the contracted 
artenes of the rest stage, between pressor crises A continuous spasm, 
Pal said, is contradictory to biologic e.xpenences with smooth muscles, 
and also to histologic studies The general narrowing of the artenes 
m ’pale” hypertension and in nephritis is not due to vessel spasm, 
as Volhard thought, but to a contmuous hj'pertonus, what Sher- 
nngton terms m musde “the postural activity " The narrowing of 
the artenes is not due to a kmetic stimulus but to a rapid mcrease of 
tone resultmg from changes m cellular metabohsm of the artenal wall 
Pal s mterpretation of the nature of the artenal nanmvmg ma> fit 
m with a recent French conception of the nature of hypertension 
Dumas suggested that artenal hypertension is a diathesis onginating 
In a modification of the blood scrum similar to that seen in hyper- 
cholestenncraia, hypercalcemia, vanations m protem equihbrium, and 
the hke. These humoral difficulties, he thought, are probably the 
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result of lesions of the endocrine organs or of the viscera, such as are 
seen in the majonty of diseases of nutrition, and are not related ex- 
clusively to renal disease Dumas stated that there is no doubt that 
the vascular lesions are the result of the hypertensive state Loss of 
elastiaty and of permeabihty of the capiUanes and arterioles are to be 
regarded histologically as the very early or commencing stage of 
artenal hypertension 

Dumas divided essential hypertension into three phases In the 
first or sdent phase the patient is essentially symptomless In the 
second or estabhshed phase, the disease has become orgamc and 
visceral lesions are present Cerebral hemorrhages, cardiac failure 
or uremia may terminate this phase It is possible, however, for the 
h)^ertension to pass mto the third or mvolutional phase, m which the 
blood pressure drops and arteriosclerosis dominates the picture — 
the hypotensive stage of hypertension Accordmg to Bonamour, the 
retmal changes m Dumas’ first phase are spastic m type The blood 
pressure m the central artery of the retma is hkely to be elevated 
disproportionately to the blood pressure m the brachial arteries 
Patients may complain of transient loss of vision Post-spastic 
thrombosis of the central artery may result m permanent loss of vision 
In the second or estabhshed phase, retmitis develops m cases which 
are runnmg a rapidly progressive course If the disease progresses 
more slowly, sclerosis develops m the retmal arteries as a defense 
reaction In the third or mvolutional phase, the sclerosis m the 
retmal artenes is hkely to be quite marked, and lesions such as arteno- 
sclerotic retmitis and retmitis arcmata are charactenstic In Bona- 
mour’s opimon, retmitis of the hypertensive type is essentially vaso- 
spastic m ongm As a result of artenolar constnction, reactional 
(hlatation and stasis develop m the capillary bed and serous and 
hemorrhagic transudations take place mto the retma 

From the purely climcal standpomt, at least, and possibly also from 
the histologic standpomt, Volhard's conception of angiospasm with 
subsequent orgamc changes seems to explam better than any other 
theory the modes of partiapation of the retma m hypertensive disease 
and m nephritis In these diseases an essentially sim i lar end-stage 
may be reached through varymg primary modes of development 
It would seem logical to assume that the same basic processes are 
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concerned m the production of the retinal as of the renal comphcations 
Probably, then, the differentiation between the retmal lesions m 
hypertension and in nephritis hes, not in the terminal histologic 
picture, but m the order of development of the different factors 
eventuatmg in ibis terminal picture Detailed studies of the retmal 
lesions m these vascular diseases have been stimulated considerably 
by the desire of mtemists for aid in differentiatmg the various systemic 
diseases mcluded m this group In the mam, the position of the 
ophthalmologist up to the present time has been essentially that of 
Lcshe Paton, as quoted by Allbutt m 1915 “I certainly do think that 
chmcally the three types (i e , of renal disease, of hyperpiesis, and of 
senile atherosclerosis) are distmct, but whether ophthalmoscopically 
one can always distmguish between them is another question ” In 
the senile form of arteriosclerosis, “the edema changes are but httle 
seen and the degeneration is probably mainly due to defiaent nuta- 
tion To distmguish between the other two forms (nephntis and 
arteriosclerosis with high tension) would require almost a treatise ” 
It is to be hoped that, m the future, if clear conceptions can be obtamed 
of the sequence of events m the genesis of the retmal lesions, the 
problems of differential diagnosis will not appear so hopeless 
This problem of the pathogenesis of “albummunc retmitis” has 
been a consummg one almost smce the begmnmgs of our knowledge 
of albummuria as an expression of disease of the kidneys Bnght 
himself recognized that loss of vision was a symptom m cases of certam 
patients with albummuna The cause of this loss of vision was un- 
known Against the supposed cerebral ongm of the bhndness TUrck 
was able, m 1850, to present anatormc evidence of a lesion m the retina, 
and the argument between urermc amaurosis and retmitis was on 
With the mcreasmg use of the ophthalmoscope it soon became evi- 
dent that, while urermc amaurosis does occur, the lesion is m the 
majority of cases an orgamc retinal one 
Probably the first report on the observation of retmrtis m nephntis 
IS that of von Gracfe m 1855 He dcscnbed, m a case of Bnght’s 
disease during the puerpenum, very widespread white exudative 
plaques in the rctma with an extensive detachment of the lower retma* 
Several months later the rctma was found to be reattached, but the 
vessels m the affected area seemed to be m large part obhterated 
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The white plaques had also completely disappeared Evidently von 
Graefe had seen retmitis m nephntis before this tune, for he stated 
that he had never before observed heahng of the retmitis m Bright’s 
disease In 1856, Heymann (110) reported the observation of oph- 
thalmoscopic changes m several cases of Bright’s disease He con- 
sidered that the changes were due to fatty degeneration of the retma, 
and that they could be found not only m diseases of the kidney, but 
also m diseases of the bram and of the heart and also m other consti- 
tutional troubles such as marasmus He thought that the amaurosis 
of Bnght’s disease was due to cerebral changes with serous exudation 
mto the bram and retma The first detailed descnption of “albu- 
mmunc retmitis” was pubhshed by Liebreich m 1859 He mentioned 
narrow artenes, full and tortuous vems, edema of the disk and 
retma, hemorrhages, punctate exudates, and the larger grayish-white 
lesions which we now speak of as “cotton-wool patches ” These 
changes he did not consider pathognomomc of Bnght’s disease, but 
snowbank and macular star exudates were, he beheved, pathognomomc 
of renal disease 

Not much has been added to the gross ophthalmoscopic picture of 
“albummunc retmitis” smce Liebreich’s descnption The mam m- 
terest has centered upon the general and local pathogenesis of the 
retmal lesion In 1860, von Graefe and Schweigger reported a case 
m which retmitis developed shortly after two attacks of transient loss 
of vision without retmal findmgs but assoaated with “uremic” 
convulsions This case is quite similar to one reported by us as an 
acute vasospastic h)q)ertension, and rather supports the theory of the 
angiospastic ongm of the retmitis It was not so mterpreted by 
von Graefe and Schweigger, however They thought that the retmitis 
was the result of mtrogenous products m the blood, and was never a 
prodromal but always a terminal symptom of Bnght’s disease with 
contracted kidney, even m cases without albumin m the urme and 
without edema 

In discussmg the general pathogenesis of “the retimtis assoaated 
with albummuna,” AUbutt wrote m 1871 “The retmitis never pre- 
cedes nephntic degeneration, as Laudouzy supposed, yet so silently 
may shnnkmg of the kidney go on, that enfeeblement of sight may not 
mfrequently be the first symptom which leads the sufferer to a doctor. 
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and the doctor, who begins by examining the eyes for spectacles, ends 
by discovenng mterstitial nephritis Indeed, the retinitis so far 
from typing a forerunmng symptom, would seem from my expenence 
to be an evidence rather of deaded or advanced disease, and would 
lead me to give a very unfavorable general prognosis ” And further, 
“But common as arterial degeneration is m advancmg life, I have 
never yet heard of this condition, apart from the granular kidney, 
bemg accompamed by the form of retimtis called albummunc ” 
This statement is quoted at length because it expresses so well the 
attitude of essentially aU ophthalmologists and mtemists for at least 
the followmg fifty years, and of many, espeaaUy of the Enghsh, 
ophthalmologists, even today Most mtemists at present agree that a 
retimtis of “albummunc type’’ can occur m cases m which no evidence 
of renal msuffiaency can be demonstrated chmcally (260), and m 
which, at necropsy, the kidneys show no evidence of primary nephri- 
tis In 1924 we (242) reported a group of fourteen cases, with marked 
hypertension, adequate renal function and neuroretimtis, and said 
“In such cases it seems more reasonable to assume that the retimtis 
IS dependent on the hypertensive vascular disease, rather than on a 
primary lesion of the kidney ’’ Smce that time, this opmion has 
been supported by our further chmcal, biopsy, and pathologic studies, 
m assoaation espeaaUy with Keraohan and Barker (134, 135), and 
it has been confirmed by workers elseivhere, notably by Murphy and 
GnU (269), Scott, Seecof and HiU, Pilcher and Schwab (195, 196), 
Ellis (66) and by Montz and Oldt. 

In 1925, Kahler and Sallmann expressed the behef that patients 
with essential hypertension and completely mtact renal function 
can present a typical “nephritic neuroretimtis ’’ They quoted 
experiments of Heidenham and von Basch which showed that electrical 
stimulation of centers m the medulla would cause generalized vaso- 
constriction They classified essential hypertension as (1) central, 
(2) peripheral toxic, and (3) anatomic They found retinitis only m 
cases of “central toxic hypertension’’ and thought that theretmitis 
m glomerulonephritis was dependent on an assoaated or secondary 
central toxic’’ hypertension Kahler studied the effect of lumbar 
puncture m sixty-four cases of essential hypertension wnth normal 
renal function He found a drop of blood pressure averagmg 50 mm 
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of mercury foUowmg a puncture m a third of the cases He thought 
that the drop of blood pressure occurred m cases of hypertension of 
central toxic ongm and not m those of penpheral ongm A drop of 
40 to 50 mm of mercury m blood pressure after spmal puncture m 
cases of hypertension, with rehef of headache and other disagreeable 
symptoms, was noted by Bailhart, Magmel and Saragea m a group 
of twenty-two cases m 1924 In seventy-three patients with normal 
blood pressure and m six with bemgn hypertension, Messick noted an 
mitial rise of 5 to 30 mm of mercury m systohc pressure foUowmg 
spmal puncture In eight cases of mahgnant hypertension, an mitial 
fall of 10 to 25 mm of mercury m the systohc pressure occurred in five 
Two mam theones of the local pathogenesis of “albuminunc reti- 
mtis” have been proposed, the toxic and the vascular or arculatory 
theory Neither theory has clear precedence m time Von Graefe 
and Schweigger, m 1860, stated their opmion that the retmitis was 
due to the toxic action of nitrogenous waste products m the blood 
This theory has been supported and elaborated by 0pm and Rochen- 
Duvigneaud, Widal, Morax and Weill, and by Leber Chaufiard, 
Laroche and Gngaut thought that the toxic agent was cholestenn 
The most recent work on the toxic theory of “albuminuric retimtis” 
has been done by Koyanagi The conception that retmitis m ne- 
phritis IS due to a disturbance of circulation was first advanced by 
Traube m 1859 He thought that it might be caused by a secondary 
increase of tension m the aortic system In 1887, Her 2 Xig Karl 
pubhshed an elaborate monograph on the thesis that “albuminuric 
retmitis” was the result of orgamc sclerotic changes m the vessels of 
the retma This view was supported by von Michel The latter 
wrote, m 1899 “The ophthalmoscopic picture of the so-called 
albummunc retmitis is — as I have earher stated — only the expression 
of a disturbance of the circulation and tissue lesions of the retma 
brought about by a primary disease of the vascular system of the 
central retmal artery and vem m the form of an arterio- and phlebo- 
sderosis with their resultmg lesions ” This theory did not gam very 
wide credence because it was possible to find histologically, as was 
shown notably by Schieck (215) and by Cohen, cases of “albummunc 
retmitis” without demonstrable lesions m the retmal vessels It 
was further supported by Jores’ contnbution m 1904 He stated 
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that “albuminunc retinitis” occurred only m those cases of nephntis 
m which artenosclerosis was present in nian\ of the other organs and 
tissues of the body, and he beheved that the lesions in the retinal 
vessels were a part of this di/Tuse “pure” arteriosclerosis In 1927, 
Vcrwey was able to demonstrate, by fat stains, in all cases of “al 
bummunc retinitis” cianuned, a hyaline lipoid degeneration of the 
walls of the small terminal arterioles of the retina This work was 
confirmed by Fnedenwald who was “convinced that albuminunc 



Fio I Retina at Necropsy 

pi#fi of Dr J S tricdcnw-ald Flat preparation of retina (not a section) stained 
uith sudaji III showing h>'alinc lipoid thickening of walls of small ortcriol^ 

atimtia is m essence a complication of rctmal artcnolar sclerosis” 
(figs 1 and 2) 

The most logical explanation of the mode of origin of “albuminuric 
rctimtis’ seems to be that of Volhord, (216, 237) who regarded both 
the artcnolar sclerosis of Verwey and the retinitis as a result of 
ischemia due to spasm in the larger artenolcs Volhard's conception 
of ischemic or angiospastic retinitis seems to be more gcncrall) apph 
cable than an) other to the retinal complications of h>*pertcnsion and 
nephntis and to permit of more read) comparison of these comphea 
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tions With the other features of the systemic disease A possible 
link in the transition from angiospasm, to sclerosis and retinitis is 
furnished by Fnedenwald, who suggested that, because of the sensi- 
tivity of the retina to lack of oxygen, the anoxemia resultmg from 
angiospasm may cause the liberation of tissue lysins which initiate 
the degeneration of the walls of the arterioles Kyneleis also con- 



FiG 2 Retina at Neceopsy 

Case of Dr J S Fnedenv>ald showing terminal artenole in retina completely ob- 
structed by hyahne Upoid thickening of its wall and an associated cotton-iiool patch 
(Flat preparation of retma stained with Sudan III ) 

firmed the findings of Verwey with regard to the presence of artenolo- 
sclerosis m “albuminuric retinitis ” However, he did not think that 
this artenolosclerosis could be made responsible for the retinitis be- 
cause the artenolar lesions were not sufficiently widespread, were not 
consistently related to the local retinal lesions, were more marked 
m the optic disks where exudation and hemorrhage did not occur, 
and were not parallel in grade to the severity of the retinal changes 
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It IS to be noted, however, that Fnedenwald, by the use of flat prepara- 
tions of the retina, was able to demonstrate that the artenolosclcrosis 
was much more widespread m the retma than would be apparent in 
the cross sections studied by Verwey, and Kyneleis noted that the 
larger artenes m his sections showed a medial thickcnmg of variable 
degree, which m his opimon imphed a general narrowing of the 
arterial system Kyneleis agreed with Volhard that “albuminunc 
retimtis” is a result of a disturbance of circulation, but he did not 
agree that it is of ischemic type He found capiUanes engorged rather 
tVmn empty In his opimon, therefore, the retmal lesions are due to 
mcreased permeabihty of the capillary walls resulting from the ab- 
normal chemical and biologic character of the relatively stagnant 
capillary blood 

The study of the retinal vessels m the absence of retinitis as an 
aid m the diagnosis of systemic disease seems to have begun with 
Gowers In 1876, he wrote “When In chrome Bright’s disease, the 
pulse IS mcomprcssible, there may as a rule be seen reduction in size 
of the retmal artenes mdependently of any retinal disease, and this 
reduction m size is fairiy proportionate to the mcreased arterial ten 
sion " He thought that the reduction m size was due to contraction 
of the vessels. He said further “When the retma is free from local 
disease, there is no reason to believe that the retmal artery and 
vem differ m their condition from other artenes and veins of tlie 


same size, and, therefore, any marked change in their state apart from 
cerebral or ocular disease may be taken as evidence of a similar change 
throughout the vascular system ” And again "There is, of course, 
nothmg new m the fact that the retinal arteries arc smaU in Bright’s 
disease, it has long been remarked as a common feature m albuminuric 
rctmitis but It IS usually regarded as a consequence of the retinal 
change, wd the points on which I would insist are that it occurs also 
qmte mdependently of the retinal change and stands commonly in 
direct relation to another condiUon, the blood tension ’’ 

In essence, these statements cover i j /- of 

im. by g™. ,n ,m. b, 
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Since that tune The conception of retinal artenosderosis as a part 
of general and cerebral arteriosclerosis grew, and it has been only in 
comparatively recent years that it has become mcreasmgly apparent 
that the lesions observed ophthahnoscopically m the retmal artenal 
branches are really arteriolosclerotic m their charactenstics and 
systemic significations The pubhcation of O’Hare and Walker m 
1924 (175) forced attention to the fact that, almost without exception, 
so-called retmal arteriosclerosis is a part of hypertensive disease and 
diffuse artenolosclerosis and not of atherosclerosis 

One statement of Gunn’s (97, 98) is of particular mterest with 
reference to the Volhard theory of angiospastic sclerosis and retimtis 
He thought that a narrowmg of the artenes together with an abnormal 
ngidity of their walls diminished the rapidity of the blood stream m 
the capfilanes and vems with a resultant tendency to the escape of 
serum mto the surroundmg tissues The persistence of this edema, 
m his opmion, mterfered with the nutntion of the blood vessels and 
led to a progression of the artenal changes, and also, as a result of 
mcreased permeabihty of the capfilanes and vems, to hemorrhages 
and white patches m the retma In more recent years, Bafihart 
has stated the same thought m a different way when he said that 
local hypertension m the retma mterferes with the nutntion of the 
artenoles and leads to sclerosis 

It IS of mterest that the pathogenesis of the ‘^albummunc” type of 
retimtis is still not susceptible of direct experimental proof The 
typical retimtis has not been reproduced as yet m any experimental 
hypertension or nephntis so fax as we have been able to determine 
Personally we have not observed any lesions m the retma of dogs 
m which marked elevations of blood urea were mduced by obstructmg 
the ureters 

In 1908, Shiba injected diluted tmcture of lodme mto both kidneys 
of rabbits Withm two to eight days, edema of the inner layers of 
the retma developed m six of rune rabbits Detachment of the retma 
was found m two, apparently due to subretmal exudate ansmg from 
the choroid No vascular changes were found Shiba concluded that 
the cause of the retmal changes lay m the altered quahty of the blood, 
which produced an msuffiaency of the vessel walls resultmg m edema 
The lesions he described could not be considered identical with those 
of “albummunc retimtis” m man 
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In 1909, zur Nedden immuniz ed dogs against the renal substance of 
rabbits He then injected the serum of these mimunized dogs mtra- 
venously into rabbits. Within a few hours, white patches appeared 
in the inner layers of the retma but the typical “albummunc retimtis” 
did not develop 

In their recent article on experimental hypertension m dogs. Wood 
and rp«i>i did not mention lesions m the retina In 1936 Collins (49) 
stated that m his dogs m which elevation of blood pressure was pro- 
duced by constriction of the renal arteries, pathologic changes were 
not noted m the blood vessels of the retmas on histologic examin ation 
In their ongmal article, published in 1934, Goldblatt and his co- 
workers (89) did not mention any lesions of the retma m their dogs 
with persistent elevabon of blood pressure resultmg from renal 
ischerma. 

More recently Keyes, m association with Goldblatt (139), studied 
the eyes of dogs and monkeys m which permanent hypertension had 
been produced by varymg degrees of constncbon of both mam renal 
artenes In cases m which the constriction was of moderate degree, 
the hypertension persisted for several years without a reduction of 
renal function In cases of this type m dogs, Keyes observed m- 
creased tortuosity of the retmal artenes, progressive penartenal 
sheathmg, hemorrhages and, occasionally, small areas of edema m 
the retma These changes appeared usually after the hypertension 
had been present for a year or more, and such changes had some 
tendency to regress Histologically, the eyes of these nmmals showed, 
m addition to some scars m the retma and choroid, thickenin g of the 
media of the retmal artenes alone or together with hyahnization of 
the intima and penvascular cellular infiltration The walls of the 
choroidal artenes showed mainly thickenmg of the media In cases 
of this type m monkeys, narrowmg of the retmal artenolcs nas 
observed ophthalmoscopically, assoaated with small hemorrhages in 
the retma and small areas of retmal edema. These disappeared later 
and apparent progressive sclerosis of the retmal artenoles developed 
Histologically the retmal artenes showed moderate medial thickemng, 
and the choroidal artenes widespread and advanced Hisense of the 
mtima and media. 

Dogs were observed m which severe constnction of the mam renal 
artenes was followed by hypertension assoaated with a rapid decrease 
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m renal function In these animals, retinal and subretmal edema 
occurred, with edema of the disks, detachment of the retma, and 
hemorrhages mto the aqueous and vitreous chambers Histologic 
exammation revealed degeneration of the artenes and arterioles 
throughout the eye and areas of lymphocytic cellular mfiltration 

Hypertension without renal insuffiaency m dogs and monkeys was 
considered by Keyes to correspond to bemgn hypertension m man 
The changes found m the eyes of monkeys with this type of hyper- 
tension seemed to resemble those seen m the eyes of human subjects 
with acute vasospastic hypertension, or perhaps with acute nephritis 
The changes found m the eyes of dogs seemed rather to be of the 
inflammatory type, somewhat resembhng those found by Hanssen 
and Knack m cases of trench nephritis Cases with a rapidly develop- 
mg renal msufficiency were classified by Keyes as representmg 
mahgnant hypertension Neither the cluneal course of the disease 
nor the ocular changes seemed to be comparable to those seen m 
mahgnant hypertension in man 

PHYSIOLOGIC MECHANISMS FOR THE MAINTENANCE OF BLOOD PRESSURE 

“Normal blood pressure” of the human bemg is difficult to define m 
terms of millimeters of mercury The blood pressures which are 
considered withm the normal limits of health vary somewhat with the 
age and sex of the mdividual The blood pressure of a given mdividual 
vanes under conditions of exerase, emotion and the hke, but, m health, 
these vanations occur only within rather narrow limits Wetherby 
made a statistical study of blood pressures of 2,282 men and 3,258 
women and reached the conclusion that it is futile to attempt to draw 
a defimte hne between a normal blood pressure and an early hyper- 
tension or hypotension on the basis of smgle readmgs of blood pres- 
sure Clmically, blood pressures which are consistently more than 
150 mm of mercury systohe, or 90 mm diastohc are usually mter- 
preted as mdicative of pathologic hypertension regardless of the age 
of the patient The lower hunts of normal blood pressure have not 
been so well defined 

From a purely physiologic standpomt, the blood pressure of the 
normal, restmg body is steadily mamtamed within comparatively 
narrow hunts, mainly through the tome and inhibitory influence 
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which the aortic and carotid sinus nerves (so-called bufier nerves) 
exert on the cardiac and vasomotor centers, on secretion of epmephnne 
and intrinsic tone of the penpheral arterioles 
The blood pressure, which may be defined as the lateral pressure 
exerted on the walls of the vessels by the contamed blood, is the 
product of the cardiac output and the penpheral resistance An 
mcrease m cardiac output or an mcrease m penpheral resistance raises 
the blood pressure A dimin ution of cardiac output or a decrease m 
penpheral resistance lowers the blood pressure A dehcate balance 
between these two factors must be mam tamed under normal conditions 
to prevent marked variations m blood pressure 
The cardiac output depends on the venous return flow to the heart, 
on the force of the heart, and on the frequency of the heart-beat The 
factors concerned with cardiac output of most mterest m their possible 
relationship to the pathologic rises of blood pressure with which this 
paper is chiefly concerned are the blood volume and the venous and cap- 
illary tone. The blood volume of the normal person is kept qmte con- 
stant through adjustment of flmd mterchange between blood plasma 
and tissue spaces and through regulation of the secretion of urme 
and sweat The contractile and reservoir function of the spleen is also 
a factor m the mamtenance of a normal volume of circulating blood 
A normal capillary tone is very important for the preservation of a 
normal blood pressure smce with the loss of tone and relaxation of the 
capillaries over a large area there is a reduction m the venous return 
flow to the heart and a drop m cardiac output Fleisch has demon- 
strated the presence of reflex constriction and dilatation of the veins 
which also might alter the venous flow to the heart The tone of the 
capillanes may be an inh erent mechanism of the capillarj walls 
While a certam amount of resistance to blood flow is encountered 
m the capillaries, the veloaty of flow is relatively low, so that the 
ultimate effect of mcreased capillary resistance m the raismg of blood 
pressure is relatively small The elastiaty of the arteries is also a 
factor of some importance m the mamtenance of normal blood pres- 
sure, smce with the loss of elastiaty of the arteries, as m old age, the 
systohe blood pressure rises higher with the same cardiac output The 
rate of the heart is regulated by the nervous system through reflex 
stimulation of the inhibitory and eiatatory centers This mechanism 
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IS intimately connected with blood pressure and peripheral vascular 
resistance 

Of more direct mterest m the present discussion than the cardiac 
output IS the peripheral resistance which is resident chiefly in the 
artenoles The resistance to blood flow m the arterioles depends on 
the viscosity of the blood, the veloaty of the flow which is many tunes 
higher m the artenoles than m the capiUanes, and on the siae of the 
lumen or tone of the artenoles Hess has enumerated the possible 
reflex mechanisms mvolved m penpheral vascular resistance 

The degree of contraction or tone of the artenoles is under the 
contmuous control of the vasomotor center, which is situated m the 
floor of the fourth ventncle at the level of the apex of the calamus 
scnptonus From this center, fibers pass down the spmal cord to 
all the thoraac and the upper two lumbar segments and end m the 
gray matter of the lateral horn m connector cells of the sympathetic 
system from which anse the vasoconstnctor fibers of the sympathetic 
nerves It is of interest that these sympathetic nerves contam also 
some vasodilator fibers, which are also found m the postenor nerve 
roots The presence of sympathetic vasomotor nerves has been 
demonstrated m practically all organs and tissues, m the splanchnic 
area, skm, skeletal muscles, large penpheral vessels, vems, capiUanes, 
and pulmonary arculation It was thought until recently that the 
cerebral vessels were controUed purely passively by the general artenal 
and venous pressure It has been demonstrated by Forbes, Wolff, 
Cobb, and Talbott (75, 76, 47), however, that the vessels m thepia ma- 
ter and also those penetratmg the substance of the cortex are supphed 
by sympathetic nonmeduUated vasomotor fibers It is of mterest 
that m the coronary vessels, which receive a nch innervation from 
both the vagus and the sympathetic, the sympathetic fibers are 
vasodilator and the vagus fibers vasoconstnctor m effect It nught 
be said m effect, then, that the mamtenance of a normal blood pressure 
depends on the adjustment of the capaaty of the peripheral vascular 
bed, which is a vanable, to the volume of circulatmg blood, which is 
a constant Local vanations m vascular capaaty are compensated 
for by the action of the vasomotor center on the artenoles m the 
unaffected parts 

The vasomotor center is under the control of high cerebral centers 
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to the eitent that vanous emotions can influence the general blood 
pressure through stimulation or inhibition of this center It is known, 
also, that the vasomotor center can function effectively only m the 
presence of an adequate osygen and carbon dioxide tension A 
decrease m the oxygen content of the blood m experimental animals 
stimulates the vasomotor center and ma> cause a considerable nse in 
blood pressure Anoxeima does not cause a proportionate nse of 
blood pressure m man, however, probably owmg to depression of the 
heart muscle A lowered carbon dioxide tension inhibits the vaso- 
motor center and causes a considerable fall m blood pressure, pnnci- 
pally through dilatation of the vessels in the splanchmc area. It is 
true, also, that carbon dioxide acts directly on the artenolar walls, a 
lowered carbon dioxide tension constnctmg the artenoles and a raised 
tension relaxmg the artenoles. In man, therefore, the central and 
penpheral effects may neutralize each other to a considerable extent 
Recent mterest has centered mainly m what Anrep has tenned the 
“Propnoceptive mechanism of cardiovascular regulation”, that is to 
say, the regulation of the vasomotor center and of the heart rate 
(vagus center) by means of reflex stimuh onginatmg wi thin the 
vascular system itself, mamly m the aorta and m the carotid smus. 
The discovery of the vascular sensory area in the carotid smus is 
credited to Henng m 1923 The discovery of the “aortic” or “de- 
pressor” nerve came much earher, m 1866, by Cjon workmg m 
Ludwig’s laboratory However, the actual demonstration of its 
effect on the arculation was not accomplished until 1925 
In 1859, hlarey observed that there was an mverse relation between 
the blood pressure and the heart rate, a nse in the arterial blood 
pressure causing a sloiving of the heart Marey explamed his “law” 
as the result partly of the action of the blood pressure on the vagus 
center and partly of a purely penpheral action on the heart itself 
The discovcrj of the depressor nerve led to the supposition that the 
blood pressure acted reflexly on the vagus center through this nerve, 
which thus consUtuted a safety valve regulatmg both the blood 
pressure and the heart rate After fruitless mvesUgaUons by many 
men dunng sixty >car3. Starling and Anrep (13) devised a method 
by which the) could perfuse the head of one animal wath blood from 
a heart lung preparation m another ammal, while the rest of the first 
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animal received its blood supply from its own heart Later, Anrep 
(13) and Segall substituted a heart-lung preparation for the heart of 
the first animal to mamtain its systemic arculation and thus were 
able to alter the blood pressure m the head or m the aortic circulation 
entirely at wiU and independently They were able to demonstrate 
that with the vagus nerves mtact, a nse m the blood pressure m the 
head was followed by slowmg of the heart rate and a fall of pressure 
by acceleration of the heart rate This action is not entirely obhter- 
ated by section of the vagus nerves but is prevented by subsequent 
extirpation of the stellate ganghon so that the changes m the heart 
rate are based apparently on a reaprocal action of the cardio-inhibi- 
tory and cardio-accelerator fibers It was demonstrated also that a 
nse m the aortic pressure produces a slowmg of the heart rate which is 
reflex m ongm smce it disappears entirely after section of the vagi 
At the same time, Heymans was studymg the same problem with the 
use of a somewhat different techmc His ongmal results differed 
from those of Starhng and Anrep, smce he found that changes m the 
cerebral pressure produced no effect on the heart rate Later, how- 
ever, the studies of the two schools were harmonized A high blood 
pressure m the thorax was found to mcrease the sensitivity of the 
vagus center to changes m the cephahc blood pressure A low blood 
pressure m the thorax caused such a diminution of the vagus tone that 
it was difficult to demonstrate the central effect 

Henng demonstrated that a nse of blood pressure m the carotid 
smus produced the same effects as a nse m the mtra-aortic blood 
pressure An mcrease of blood pressure within the carotid smus, or 
pressure apphed to the smus externally, stimulates the vagus center 
and inhibits the vasomotor center As a result of his experiments, 
Henng concluded that there is no true, direct, central regulatmg mech- 
anism of the arculation AU the effects demonstrated m cross- 
circulation experiments can be attnbuted, m his opmion, to reflexes 
ongmatmg m the smus region Whether the importance of the carotid 
smus IS overestimated at present remains for the future to show In 
any event, it has been demonstrated to have a profound influence in 
cardiovascular regulation Denervation of the carotid smus results 
m a considerable mcrease m blood pressure and m the heart rate 
Later, both the blood pressure and the heart rate return almost to 
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normal, due to compensation by the aortic depressors The carotid 
sinus can compensate for section of the aortic depressors If all 
four vasosensory “buffer” nerves are destroyed, a chrome change m 
the blood pressure and heart rate results, due to the abohtion of 
vagus tone and the unrestramed peripheral constncting action of the 
vasomotor center If section of these nerves is done m one stage, 
nnimnk do not survive long If it is done in two stages, however, the 
animals may survive for long pienods and persistent hypertension In- 
trozzi (263) and degenerative lesions may develop m the heart, aorta 
and other vessels Accordmg to Ferns, Capps and Weiss, no perma- 
nent change m either the blood pressure or heart rate occurred follow- 
mg unilateral denervation of the carotid smuses of five human bemgs. 

In this connection, an experiment is of mterest with reference to 
surgery of the sympathetic nerves m essential hypertension Accord- 
ing to Kremer and Wnght, if the splanchnic nerves are cut with the 
“buffer” nerves mtact, m spite of extensive dilatation of the abdominal 
vessels, the fall of blood pressure is shght and transient, due to reflex 
compensatory vasoconstriction m other parts of the body If the 
“buffer” nerves have been divided previously, splanchmc section 
produces a larger absolute and percentage fall of blood pressure with 
httle evidence of recovery Apparently, compensation cannot take 
place 

The aortic and carotid smus nerves assist m the raamtenance of 
blood pressure at a constant level m normal mdividuals at rest, smee 
a nse of blood pressure mcreases their inhibitory activity and a fall 
in blood pressure lessens it and may also bnng mto action pressor 
fibers which are beheved to arise from the aorta and carotid smus 
The nse of blood pressure during exercise is due mainly to mcreased 
cardiac output, smee the dilatation of the vessels m the muscles 
outweighs the constnction m the splanchmc area and results in 
relatively lowered penpheral resistance 
It 13 of mterest, also, as Anrep stated, that the exatatory effects 
of anoxemia and of mcreased carbon dioxide tension of the blood are 
to a considerable extent due to reflexes ongmating in the carotid smus 
and m the aorta. It is probable, however, that the carotid body 
rather than the smus itself is sensitive to chemicals and is responsible 
for the chemical reflex. Accordmg to de Castro, the smus nerve is 
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animal received its blood supply from its own heart Later, Anrep 
(13) and Segall substituted a heart-lung preparation for the heart of 
the first animal to mamtam its systemic arculation and thus were 
able to alter the blood pressure m the head or m the aortic circulation 
entirely at wdl and mdependently They were able to demonstrate 
that with the vagus nerves mtact, a nse m the blood pressure m the 
head was followed by slowmg of the heart rate and a fall of pressure 
by acceleration of the heart rate This action is not entirely obhter- 
ated by section of the vagus nerves but is prevented by subsequent 
extirpation of the stellate ganghon so that the changes m the heart 
rate are based apparently on a reaprocal action of the cardio-inhibi- 
tory and cardio-accelerator fibers It was demonstrated also that a 
nse m the aortic pressure produces a slowmg of the heart rate which is 
reflex m ongm smce it disappears entirely after section of the vagi 
At the same time, Heymans was studymg the same problem with the 
use of a somewhat difierent techmc His ongmal results differed 
from those of Starhng and Anrep, smce he found that changes m the 
cerebral pressure produced no effect on the heart rate Later, how- 
ever, the studies of the two schools were harmonised A high blood 
pressure in the thorax was found to mcrease the sensitivity of the 
vagus center to changes m the cephahc blood pressure A low blood 
pressure m the thorax caused such a dimmution of the vagus tone that 
it was difficult to demonstrate the central effect 
Hermg demonstrated that a nse of blood pressure m the carotid 
smus produced the same effects as a nse m the mtra-aortic blood 
pressure An mcrease of blood pressure withm the carotid smus, or 
pressure apphed to the smus externally, stimulates the vagus center 
and inhibits the vasomotor center As a result of his experiments, 
Hermg concluded that there is no true, direct, central regulatmg mech- 
amsm of the circulation All the effects demonstrated m cross- 
circulation experiments can be attnbuted, m his opmion, to reflexes 
ongmatmg m the smus region Whether the importance of the carotid 

smus IS overestimated at present remains for the future to show In 
any event, it has been demonstrated to have a profound influence m 
cardiovascular regulation Denervation of the carotid smus results 
m a considerable mcrease m blood pressure and m the heart rate 
Later, both the blood pressure and the heart rate return almost to 
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norma], due to compensation by the aortic depressors The carotid 
smus also can compensate tor section of the aortic depressors If all 
four vasosensory “buffer” nerves are destroyed, a chrome change m 
the blood pressure and heart rate results, due to the abohtion of 
vagus tone and the unrestramed penpheral constnetmg action of the 
vasomotor center If section of these nerves is done m one stage, 
animals do not survive long If it is done m two stages, however, the 
animals may survive for long penods and persistent hypertension In- 
troza (263) and degenerative lesions may develop m the heart, aorta 
and other vessels Accordmg to Ferns, Capps and Weiss, no perma- 
nent change m either the blood pressure or heart rate occurred foUow- 
mg unilateral denervation of the carotid smuses of five human bemgs 

In this connection, an experiment is of mterest with reference to 
surgery of the sympathetic nerves m essential hypertension Accord- 
ing to Kremer and Wnght, if the splanchmc nerves are cut with the 
“buffer'’ nerves mtact, m spite of extensive dilatation of the abdommal 
vessels, the fall of blood pressure is shght and transient, due to reflex 
compensatory vasoconstriction m other parts of the body If the 
“buffer” nerves have been divided previously, splanchmc section 
produces a larger absolute and percentage fall of blood pressure with 
httle evidence of recovery Apparently, compensation cannot take 
place 

The aortic and carotid smus nerves assist m the mamtenance of 
blood pressure at a constant level m normal individuals at rest, smee 
a nse of blood pressure mcreases their inhibitory activity and a fall 
m blood pressure lessens it and may also bnng mto action pressor 
fibers which are believed to arise from the aorta and carotid smus 
The nse of blood pressure durmg eierdse is due mainly to mcreased 
cardiac output, smee the dilatation of the vessels in the muscles 
outweighs the constnction m the splanchmc area and results in 
relatively lowered penpheral resistance 


It IS of interest, also, as Anrep stated, that the excitatory effects 
of anoxemia and of mcreased carbon dioxide tension of the blood are 
to a considerable extent due to reflexes ongmatmg m the carotid sinus 
and m the aorta It is probable, however, that the carotid body 
rather than the sinus itself is sensitive to chemicals and is responsible 
or the chemical reflex Accordmg to de Castro, the sinus nerve is 
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made up of two separate branches, one from the sensory fibers of the 
carotid smus and one from the carotid body 
In the experiments of Cannon and his co-workers (38, 39), the entire 
sympathetic system of cats was removed without significant lowermg 
of the blood pressure It must be assumed that artenolar tone was 
restored through inherent properties of the vascular wall or by means 
of some unknown chemical agent In man, however, after sympa- 
thectomy, vascular tone is never fully restored The sympa- 
thectomized cats were able to hve without disturbance m the qmet 
atmosphere of the laboratory but were not able to adjust themselves 
satisfactorily to normal outdoor hfe 
In discussmg the relation of the suprarenal medulla to blood pres- 
sure, Wnght said that there may be a constant secretion of epmephnne 
helpmg to mamtam artenolar tone and blood pressure at rest Ap- 
parently, secretion of epmephnne is reflexly modified accordmg to the 
level of blood pressure, a fall of blood pressure stimulates and a nse 
of blood pressure depresses secretion of epmephnne The expen- 
ments of He)miann demonstrated that this reflex control of the supra- 
renal glands is accomplished through the aortic and carotid smus 
nerves Neither the suprarenal glands themselves, nor the bulbar 
centers controllmg them, are acted on directly by the level of the 
blood pressure Accordmg to Wnght, there is no evidence that any 
other ductless gland plays any part m normal control of blood pres- 
sure Duke-Elder asserted that pituitnn acts as a constant tome 
constnetor of the mmute vessels, decreasmg their permeability 
The apphcation of these general prmaples of cardiovascular regula- 
tion to the specific local problems of mtra-ocular blood pressure and 
mtra-ocular tension cannot be considered m detail, but a few general 
pomts might, be mentioned here Duke-Elder detenmned by mano- 
metne methods m the cat that the mean pressure m the ophthalrmc 
artery is about 95 per cent and that m the retinal artenes about 70 
per cent of the mean pressure m the aorta By use of the dynamom- 
eter, Bailhart (19) estimated the diastohc pressure in the retmal 
arterioles to be about 40 per cent of the diastohc pressure in the bra- 
chial artery The pressures as measured by this method may be 
lower than the actual figures, but they furmsh a ready and probably 
fairly rehable method of determining variations from the normal 
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m pathologic states By the use of a micropipet, Duke-Elder esti- 
mated the pressure m the retmal veins to be about 2 mm higher than 
the mtra-ocular pressure No accurate method of measunng capillary 
pressure has been devised, but Duke-Elder estimated the pressure 
m the artenolar limbs of the retmal capillaries to be about 50 to 55 mm 
of mercury The mtra-ocular pressure vanes directly with the 
blood pressure m the capiUanes and, therefore, can be influenced 
by the general artenal pressure only m so far as vanations m systemic 
pressure penetrate to capillary circulation A nse in systemic blood 
pressure will be reflected m the eye But if this nse of blood pressure 
IS accompamed by contraction of the ocular artenoles, as is usually 
the case, the total flow of blood through the eye is decreased and the 
capillary pressure falls As a result, no mcrease m mtra-ocular ten- 
sion occurs In the case of the elevation of systemic pressure caused by 
pituitrm, however, Duke-Elder asserts that the vasoconstnction is 
less marked m the artenoles of the eye than m those of other 
regions The mcrease m blood pressure is, therefore, transrmtted 
to the capillary bed and the mtra-ocular tension tends to foUow the 
blood pressure passively 

The eye is supphed by vasoconstnctor nerves through the cervical 
sympathetics No vasodilator nerves have been found m the eye 
Duke-Elder stated that, anatomically, the sympathetic fibers can be 
traced to the uveal vesseb and also through the nerve of Tiedemann 
to the retmal vesseb The constnctmg effect of these nerves on the 
uveal vesseb has been proved by Langley and Anderson, and Hender- 
son and Starlmg The vasomotor control of the retmal vesseb 
through the cervical sympathetics has been questioned One of us 
(Wagener (239)) studied thirty-seven patients m whom the infenor 
cervical and first and second thoracic sympathetic gangha were re- 
sected along with their mtervemng trunks He was able to demon- 
strate chmcally an appreciable (measurable) dilatation of the retmal 
^iteuoles m 75 per cent of the eyes exammed following ihis operation 
The veins were found to be dilated m 52 per cent of the cy cs It i\as 
noted, however, that the retmal vesseb tended to regam their ongmal 
tone withm a year foUowmg the operation 
These observations ore m agreement with those noted m the vesseb 
of the rabbit’s ear after experimental section of the cervical S 3 mpa- 
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thetic Claude Bernard noted that the dilatation of these vessels 
might persist for several weeks Goltz observed that the vessels later 
regamed their normal tone or might even be more constncted than 
previous to the section He expressed the opimon that normal tone 
was regamed through inherent nerve plexuses m the vessel walls 
He thought also that some of the primary dilatation might be due to 
the irritation of dilatator nerves present m the sympathetic trunk 

MECHANISMS INVOLVED IN THE PRODUCTION OE PATHOLOGIC ELEVATION 

OP BLOOD PRESSURE 

The physiologic mechamsms mvolved m the mamtenance of normal 
blood pressure have been shown m the previous section to be com- 
phcated and not thoroughly imderstood The presence of an elevated 
blood pressure m the human subject adds an abnormal factor to the 
physiologic balance of the vascular system It is difficult, therefore, 
to obtam a dear conception of the fundamental cause of hypertension 

There are two conditions accompamed by gross orgamc changes m 
the vascular system with which hypertension is assoaated The first 
IS the rare condition of congemtal stenosis of the thoraac aorta In 
these mdividuals the hypertension is Limited to the upper portions of 
the body and one obvious explanation of this is that there is a relative 
mcrease m the blood volume m this region There is evidence that 
m these cases there is no histologic lesion m the arterioles of the upper 
extrenuties (95) Prinzmetal (199) beheved that these arterioles 
dilate abnormally, but Pickermg (192) was unable to corffirm Prinz- 
metal’s results Goldblatt (86), Rytand, Steele and Cohen sug- 
gested that there might be a renal factor, ischerma of the kidney, 
causmg the hypertension m cases of coarctation Artenovenous 
aneurysm or fistula, whether congemtal or traumatic, gives nse to 
hypertension Closure of the abnormal pathway causes a momentary 
nse followed by a fall m blood pressure In this mstance the rapid 
passage of a large volume of blood mto the vems increases the work 
of the heart, which vmdergoes hypertrophy, and eventually hyper- 
tension develops This latter is thought to be due to mcreased cardiac 
output and mcreased blood volume, both of which conditions have 
been demonstrated m mdividual cases 

In any discussion of the abnormal physiologic processes which may 
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give nse to hypertension, four obvious factors must be considered, 
namely, (1) mcreased cardiac output, (2) mcreased viscosity, (3) 
mcreased total blood volume and (4) mcreased resistance m the 
penpheral circulation Increased cardiac output may be responsible 
for the hypertension found m some cases of aortic msufSciency and 
m patients with arteriovenous fistula (116, 118, 189) In many cases 
of essential hypertension it has been found to be normal In some 
cases of polycythemia vera m which both the total volume and viscosity 
of the arculatmg blood are greatly Increased, the blood pressure is 
normal This is an example of the remarkable adaptabihty of the 
vascular system 

t. Whether or not there is mcreased penpheral resistance m cases of 
hypertension has been a debatable subject for many years Plethys 
mographic studies of the penpheral blood flow m these cases have 
been made by Pickermg, Pnnzmetal and Wilson, and they mdicate 
that constnction of the pienpheral artenoles occurs but that the 
constnctmg mec hanism appears to be mdcpendent of the vasomotor 
nervous system, as anesthetization of vasomotor nerves does not 
release the vascular hypertoniaty There can be httle doubt that 
the penpheral circulation plays an important r61e m the mamtenance 
of an abnormally high systemic blood pressure However, actual 
demonstration of abnormal physiologic (200) or pathologic change 
has been diflicult. Recent biomicroscopic methods, such as those 
devised by Natus, Ricker, Lombard, Sandison (206) and by Clark and 
his assoaates (44, 45), permit direct examination of these small blood 
vessels m the hvmg animal Ricker (205) demonstrated that exces- 
sive local stimulation led to constriction of the artenoles m the pan- 
creas of the rabbit, and m turn that this caused dilatation of the 
distal portion of these artenoles with a slowmg of the blood stream 
Such phenomena suggest a similar mechanism to account for the 
proximal narrowmg with distal dilatation of the small retmal artenoles 
seen by the ophthalmoscope m some cases of difliuse vasospastic dis- 
ease Clark and his co workers (44, 45) have directly examined the 
blood vessels m the car of the hvmg rabbit, over periods of months, 
and have emphasized the enormous number of these vessels and the 
importance of the blood flow m the penpheral arterioles They 
desenbed two types of visible contraction of the artenoles and the 



344 


HEKRY P WAGENER AND NORMAN M KEITH 


effect of certain stimuli produced elsewhere m the body these con- 
tractions were further studied by Wilson (255) Alterations m the 
actual amount of blood m the arterioles, vems and capiUanes occur 
quickly from mmute to minute, remmdmg one of Krogh’s demonstra- 
tion of the enormous mcrease m the number of active capiUanes 
when muscle passes from rest to active contraction Clark and his 
associates studied the direct artenovenous anastomoses m the ear of 
the rabbit m detail Similar anastomoses are present m the webbed 
feet of birds and m the fingers and toes of man (120, 94) Spanner 
has recently pubhshed an mterestmg anatomic study of the normal 
human kidney m which he demonstrated artenovenous anastomoses 
m different regions The finding of histologic changes in the periph- 
eral artenoles of certam patients with hypertension mdicates that, m 
some cases, orgamc artenolar lesions add another abnormal factor to 
the disease process (130, 134, 219) Further knowledge of these func- 
tional mechamsms and anatoimc alterations m the penpheral vessels 
of experimental animals and of man undoubtedly will aid m our under- 
standmg of the abnormal processes in hypertensive patients and, m 
particular, the changes m the retma 
The observation by Hartman and his co-workers that expenmental 
lesions of the kidneys produced by exposure to roentgen rays gave 
nse to hypertension, and the recent demonstration by Goldblatt and 
his associates (89) that ischeima of the kidney of the dog and monkey 
(85) caused hypertension to develop have revived mterest m the old 
problem of the relation of renal disease to diffuse arteriolar disease 
and hypertension Withm the last year Drury (259) has demon- 
strated that expenmental renal atrophy, and Page (272) that the 
expenmental production of a thick fibrous capsule about the kidney, 
give nse to hypertension Goldblatt’s ongmal experiments have been 
confirmed by many observers (61, 65) Various experunents have 
been earned out by different mvestigators to ascertam whether the 
nervous system was mvolved m the production of the hypertension 
Hypertension has been shown to develop after denervation of the 
ischemic kidney (Goldblatt and Page), after transplantation mto a 
second animal (Blalock and Levy, Gleim, Child and Heuer, Houssay 
and Fasaolo), after resection of the splanchnic nerves (Goldblatt and 
Page), after total removal of the sympathetic nervous system (Free- 



DIFEUSE ASTEalOLAIL DISEASE 


345 


man and Page), after destruction of a considerable portion of the 
spmal cord (Glenn, Child and Page) These results have led mvesti- 
gators to beheve that this espenmental hypertension is caused by a 
hypothetical effective substance or hormone havmg its ongm m the 
kidney and set free mto the general circulation Child’s espenments 
seem to exclude the possibihty that guanidme bases m the blood are 
responsible for the hj^pertension Thus the nature of such a arcula- 
tive substance and its mode of action are still unknoivn Goldblatt 
has brought forward evidence that the suprarenal glands must be 
functiomng if this type of hypertension is to occur (86) Although 
Page’s results are confirmatory of Goldblatt’s, those of Taquim and 
Colhns and Wood seem to be to the contrary In this connection 
Alters and Kendall have shown that totally adrenalectomized dogs 
can be kept m excellent condition mdefimtely, without the use of 
cortical hormone, if given a diet low m potassium and high m sodium 
salts Such animals apparently have a normal blood pressure and 
one would assume that hypertension would develop foUoi?mg renal 
ischemia. In fact two experiments m the senes, performed by Collins 
and Wood, lend support to this assumption Page and Sweet beheved 
their experiments on dogs showed that hypophysectomy inhibited to 
some extent, the hypertension resultmg from renal ischemia 
The possible producbon of a pressor hormone m the ischemic kidney 
recalls the ongmal observations of Tigerstedt and Bergman who, m 
1898, demonstrated that a simple sahne extract of the fresh cortex of 
the kidney of normal rabbits contomed a pressor substance which 
they called “renm ” Bmgel and Strauss also obtamed renm m 1909 
In the last two years these experiments have been repeated and con- 
firmed by scver^ mvestigators (2, 103, 194), who employed extracts 
from the kidney of the rabbit, pig, dog and man Similar extracts of 
the spleen, mtestme, muscle, bram, suprarenal glands and blood of 
normal rabbits and of the spleen, hver, lung and bram of the pig were 
mactive The most probable reason why this important contribution 
has, so to speak, rcmamed buned m the hterature for forty years is 
explomed by a fact, emphasized by Pickenng and Prinzmetal, that 
anesthetics may nulhfy the hypertensive reaction m the experimental 
animal The extract is protein like, nondialyzablc, rendered mactive 
by heating over 60 C , and is msolublc m alcohol and acetone Fur- 



346 


HENRY P WAGENER AND NORMAN M KEITH 


ther chemical studies by Helmer and Page (262) mdicate that renm 
contams argimne and pentose The site of action appears to be m 
the penpheral arterioles and to be mdependent of the nervous system 
This assumption, together with the results of studies of blood flow m 
cases of essential hypertension, suggests the possibihty that arteriolar 
constriction m essential hypertension noight be due to a remn-hke 
substance m the circulatmg blood Landis (147) and Hamson and his 
co-workers (162, 253) have differentiated the pressor effect of renm 
from that of tyramme Renm, unlike tyramme, produces a vaso- 
pressor effect without reducmg the penpheral blood flow Wflhams 
and Grossman have obtamed from the renal vem, after perfusmg 
kidneys, both rerun and an adrenahne-hke substance Naturally, 
one wonders whether such substances are playmg an effective part 
m the regulation of blood pressure m the normal animal The findmg 
of renm m mcreased amounts over normal m extracts of ischemic 
kidneys of hypertensive animals suggests that such a substance 
stands m causative relation to this experimental h 3 ^ertension 
These important experimental results of the last few years mdicate 
that a close relationship exists between certam lesions m the kidney 
and systenuc hypertension, as Fahr (69) has mamtamed for many 
years On the other hand they lead to speculation as to why there 
can often be diffuse, destructive, bilateral renal lesions without 
hypertension, as for example m cases of bilateral congemtal renal 
anomaly, chrome pyelonephritis, bilateral hydronephrosis and even 
sometimes m chrome glomerulonephritis 
Hypertension also occurs as a symptom of endoerme disease, it 
bemg a frequent concomitant of the syndromes which presumably 
result from hyperfimction of the thyroid and pitmtary glands and 
from tumors of the medulla or cortex of the suprarenal gland In 
hyperthyroidism, there is frequently a nse m systolic and pulse pres- 
sure which IS thought to be due to the mcreased general metabohsm 
In cases of hyperfunctionmg tumors of the suprarenal medulla, some- 
times termed “paraganghomas” the elevation of blood pressure usu- 
ally, but not always, occurs m paroxysms (146, 178) There is evi- 
dence that the sudden, marked rises m blood pressure are due to the 
release of epmephrme or closely aUied substances from the tumor 
Schultz, m 1929, demonstrated by pharmacologic methods that 
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extracts from such a tumor (m a case reported by Pmcoffs), were nch 
m epmephrme In 1936 Kendall isolated as much as 120 mg of 
crystallme epmephrme from half of a similar tumor removed surgically 
by Walters (136) A difficult question to answer m regard to these 
cases IS why the pressor substance is hberated mtermittently rather 
tlinn contmuously Kepler recently reviewed some mterestmg cases 
of pituitary basophilism and cases of suprarenal cortical tumor m 
which hypertension was present Cushing (S4) advanced the hy- 
pothesis that, m the former disease, the hypertension might be the 
result of localized stimulation of the nuclei m the diencephalon by 
the hyperactive basophihc cells Direct evidence of such a mecha- 
nism IS lackmg The cause of the h)ipettension m cases of suprarenal 
cortical tumor is equally mystenous (264, 267 ) Most observers are of 
the opuuon that it is probably not the result of an excessive secretion 
of the cortical (“salt and water”) hormone which is so effective m the 
treatment of acute suprarenal insufficiency Large doses of this 
hormone do not raise the blood pressure of normal subjects. It is 
of mterest m these two groups of cases that clmical vascular changes 
seem to be identical with those seen m essential hypertension In 
some cases of pituitary basophilism the letmol vascular changes and 
retmitis (Wagener and Kepler) and the renal changes (154) cannot be 
distmguished from those seen m so-called cases of mahgnant hyperten- 
sion Bradley and Pmcoffs reported a very mterestmg relationship 
between Wilms’ tumor of the kidney and hypertension In one of 
their cases surgical removal of the tumor caused the hypertension to 
decrease, but with recurrence of the tumor, the hypertension rea- 
peared 

Lead mtomcation as a possible cause of hypertension has been a 
subject for controversy for many years Temporary hypertension 
occurs m acute poisorung, particularly m cases of lead encephalopathy 
Tscherkess (232, 233) perfused isolated arteries of the rabbit with 
solutions contaimng small amounts of lead and there was always a 
contraction of the arteries This mvestigator also showed that, after 
a rabbit was chromcally poisoned with lead, its arteries did not react 
normally to caffeme and chloral hydrate. It is of mterest that acute 
renal insuffiaency rarely occurred when acute lead mtomcation de- 
veloped m cases of cancer m which large therapeutic doses of lead 
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were given intravenously (21) Nye, in 1929, however, reported a 
senes of fifteen cases in which, previously, during childhood, the 
patients had had neurologic signs of lead poisoning and later chronic 
nephntis both with and without hypertension had developed The 
lesion in the kidney was a diffuse vascular chronic nephntis Nye’s 
expenence would indicate that chronic lead poisoning can cause 
chronic nephntis with hypertension, evidence that such a condition 
develops among adults m modem mdustry, however, is meager and 
difficult to obtam (15) 

In the toxemia of pregnancy, which has been termed “eclampsia,” 
h3rpertension is a promment feature The observations of Myhus 
and Wagener (240) that the retmal artenoles may show both localized 
and generalized spasm suggest that, whatever the etiologic factor of 
these spasms, they are probably general throughout the artenolar 
system and are closely related to the hypertension A similar type 
of abnormal physiology would seem to be present m the group of cases 
which we have designated by the term “acute vasospastic disease 
with hypertension” and which we shall discuss later m detail The 
presence of an unknown toxic substance causmg abnormal contraction 
of the artenoles, this mcreased penpheral resistance m turn causmg 
h)rpertension, would seem to be a plausible explanation of the abnormal 
vascular phenomena m eclampsia and acute vasospastic disease We 
do not know what r61e the vasomotor center and sympathetic nervous 
system play m these cases Starhng suggested that anerma of the 
vasomotor center due to artenolar spasm might be the cause of the 
hypertension 

Accordmg to Fishberg, “the concept of essential hypertension m- 
dudes those cases of chrome hypertension which neither chmcaUy 
nor anatomically can be demonstrated to have evolved from antece- 
dent inflammatory disease of the kidneys or unnary obstruction ” 
The primary causes of the pathologic physiology of essential hyper- 
tension are stfll unsolved nddles m spite of the great amount of work 
that has been done m attemptmg to unravel them AUbutt’s ongmal 
conception that it was pnmanly due to a dynamic rather than to an 
orgamc mcrease m the resistance m the penpheral artenoles still 
seems most plausible We know now, however, that early m the 
course of acute vasospastic hypertension there is constnction of the 
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retinal artenoles and Uiat, eventually, pathologic changes occur in 
the artenoles throughout the body The early lesion is medial hyper- 
trophy, and m the more severe cases the more marked and uniform 
lesions are found Such facts suggest a reaction to stram and that 
these lesions are not primary but secondary, and most probably 
secondary to hypertension just, as we beheve, the myocardial hyper- 
trophy and mcreased thickness of the media of the aorta (as pomted 
out by Karsner) is secondary to mcreased pressure within the artenal 
system The espenmental results of Wilson and Byrom (277) follow- 
mg ischemia of the kidney m rats support this viewpomt Johnson, 
m 1868, explamed his findmg of medial hypertrophy m the smaller 
artenes as due to such a mechanism Artenosclerotic degenerative 
changes of both the larger and smaller artenes does not seem neces- 
sarily to be a cause of hypertension Fahr and Davis have shown 
experimentally that mcreasmg the ngidity of an artifiaal penpheral 
artenal system, without changes m the diameter, causes no mcrease 
m the work of the left ventncle Weiss and Ellis demonstrated that 
there is no mcrease m the veloaty of blood flow m patients who have 
artenal hypertension Some have suggested the idea that the disease 
is due to abnormal development of arteriovenous fistulas Such 
coimections between the two systems are known to exist normally m 
the tips of the fingers and toes and, accordmg to Spanner, m certam 
parts of the kidney, but they do not seem suffiaent m number to give 
rise to hypertension There is evidence that wth sudden occlusion 
of a large artery, like the femoral for example, constnction of many 
other small artenes m the leg occurs (168) By analogy one might 
think of the possibihty of spasm of the larger artenoles causmg a 
similar reaction m the nearby smaller artenoles m essential hyper- 
tension Starlmg suggested that anemia of the vasomotor center 
might be a causative factor Bordley and Baker beheved that 
they could demonstrate, m cases of hypertension, markedly nar- 
rowed artenes m the medulla m the region of the vasomotor centers 
This findmg has not been confirmed by Cutler Increased mtracramal 
pressure may cause a nse m blood pressure, but that such a mechanism 
IS present m essential hypertension seems unlikely Raab has shown 
that hypertensive patients react with a greater nse in blood pressure 
after mhalation of carbon dionde than normal mdividuals. A greater 
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sensitivity to carbon dioxide, however, would not seem to be the pri- 
mary cause of hypertension Hypercholesteremia has been found m 
some cases, but the concentration of cholesterol in the blood of many 
typical patients with hypertension is normal 
Hyperepmephrmemia is a most suggestive hypothesis of the cause 
of hypertension The well known pathologic observation that the 
walls of the suprarenal vems of hypertensive mdividuals are much 
thicker than those of normal persons gives support to such a theory 
Several observers have tested the blood of patients with essential 
hypertension for pressor substances, mcludmg epmephrme, but no 
one has as yet demonstrated that such a substance is present m 
suffiaent amount to cause hypertension Pickermg and others 
(191, 200) transfused 500 to 2000 cc of blood from hypertensive 
patients mto anemic patients with normal blood pressure and 
no change occurred m the blood pressure of the latter Major 
and Major and Stephenson have suggested the possibihty of an 
mcreased concentration of certam guamdme compounds m the blood 
because of their known pressor action, but they have been unable to 
detect them with certamty m cases of essential hypertension Vol- 
hard has stated that his co-worker Bohn has isolated a pressor sub- 
stance m cases of so-called white hypertension Other workers, how- 
ever, mcludmg de Wesselow and Griffiths, Aitken and Wilson, and 
Page (179), have repeated Bohn's experiments but were unable to 
confirm his findings It does seem strange if epmephrme is the pri- 
mary cause, that when there is a large storehouse of extra epmephrme 
m certam tumors, such as is found m cases of paroxysmal hypertension, 
the patients do not usually have a contmued hypertension nor does 
their condition present the course and findmgs so typical of essential 
hypertension Lange (266) has suggested that the excessive vasocon- 
striction m essential hypertension is due to a decrease m the normally 
present vasodilatmg substance m the blood 

The fact that m Cushmg's cases of pitmtary basophilism hyper- 
tension was present has led several mvestigators to study the baso- 
phihc cells of the pitmtary gland m cases of eclampsia and essential 
hypertension Rasmussen concluded from his own histologic obser- 
vations and from those of others on the cells of the pitmtary gland 
obtamed m cases of eclampsia and m essential hypertension that the 
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relationship of the basophihc cells of the hypophysis to elevated blood 
pressure is far from proved It seems fair to conclude that, at present, 
we have no direct proof that the glands of mtemal secretion are 
directly related etiologically to essenUal hypertension Cushmg (53) 
has brought forward evidence of the presence of parasympathetic 
centers m the hypothalmus of man Page (181) has desenbed a 
syndrome simulatmg dienccphahc stimulation, and the reaction to 
d-methyl-acetyl-chohne, occurring m patients with essential hyper- 
tension He did not suggest that the primary cause of the hyper- 
tension was irritation of sympathetic and parasympathetic centers 
m the diencephalon, but this syndrome is more prone to occur among 
young women suffermg from essential hypertension The relation 
of these higher bram centers to the mamtenance and alteration of 
systermc blood pressure is httle understood and is a fertile field for 
further investigation 

We have mentioned previously that various pressor substances have 
been held responsible for the production and mamtenance of essential 
hypertension Volhard felt that this assumption particularly apphed 
to cases of mahgnant hypertension and that climcal and experimental 
facts pomted to the kidney as the pnnapal or only source of such a 
pressor substance The observation of Goldblatt and Wilson and 
Pickenng that espenmental ischerma of the kidneys of dogs and 
rabbits led to the development of h 3 fpertcn 8 ion and even diffuse arte- 
riolar lesions (87, 254) supports Volhard’s hypothesis Moritz and 
Oldt also beheved their pathologic studies m essential hypertension 
to have a similar implication They demonstrated that there were 
always lesions in the artenoles of the kidney, although similar lesions 
were frequently absent m the artenoles m other tissues, and they 
therefore concluded that renal ischemia was the primary en up e of the 
hypertension Scott (275) also believes that renal ischemia is the 
primary etiologic factor m essential hypertension Scott, Montz 
and Oldt (167) do not suggest a clue as to the primary cause of the 
lesions m the renal artenoles. There are, however, many facts that 
are difficult to ezplam on the basis of renal ischemia In a later 
section (page 356) we describe a case of chrome glomerulonephritis, 
in the mitial acute phase of which hypertension developed, m the 
subacute stage the blood pressure was normal A few years later the 
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t3^ical findings of malignant hypertension developed In this instance 
the histologic find ui gs revealed chrome diffuse glomerulonephritis 
and arteriolar lesions throughout the tissues of the body We mter- 
pret this case as one of chrome glomerulonephritis with the subsequent 
development of diffuse arteriolar disease At present, the exact 
relationship between the two pathologic processes is unknown, and 
it is obvious that there is much still to learn regardmg the etiology and 
development of the two conditions 

Sahh described a senes of cases m which the blood pressure was 
high although there was defimte evidence of myocardial failure He 
termed the condition “Hochdruckstaung ” We have seen a number 
of such cases m which the patients have been m the termmal stages 
of essential hypertension, they presented all the signs of severe myo- 
cardial failure but the blood pressure remamed markedly elevated up 
to the tune of death An explanation of this finding would be that 
the penpheral artenoles contmued to be m a state of marked con- 
stnction 

Abnormal constnction of the smaller artenes and artenoles has 
been demonstrated m the retma m acute essential hypertension In 
progressive cases, pathologic changes may eventually develop m the 
artenoles of the retma and m other tissues In spite of these orgamc 
alterations, compensatory mechanisms permit temporary blood flow 
to the tissues This attempt at repair is most probably due to the 
fundamental property of vascular tissue to form new vessels 

In essential hypertension, pathologists have emphasized the vana- 
bdity of the orgamc changes m the small artenes and artenoles, even 
m the course of the same vessel From our hnuted knowledge of the 
actual anatomic distnbution and physiologic mechamsms of the 
penpheral artenoles, one wonders, not that the pathologic changes 
are uneven, but that they are sometimes found to be umform 

HYPERTENSION IN CASES OE PRIMARY RENAL LESIONS 

The occurrence of trench nephntis durmg the World War offered 
an excellent opportumty for studymg many of the mitial effects of 
acute glomendonephntis The diagnosis was usually made very soon 
after the onset of the condition and the patient was immediately sent 
to the hospital On admission, hypertension was often present and 
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persisted in the favorable cases for from five to ten days (Aber- 
crombie) The blood pressure fell to normal comadently with evi- 
dence of improvement, such as diuresis and d i mi n ishing edema (Keith 
and Thomson) Dunng this penod the fundus usually appeared to 
be normal , m a few cases there was sbght edema about the disk margins 
and a few hemorrhages (132, 228) Unfortunately smce artenolar 
changes were not looked for, no accurate record was made of the 
condition of the arterioles These mild retinal changes are best 
explamed as occurrmg secondary to the general toxemia which caused 
the disease picture, mduding fever and hypertension It is possible 
that m the fulminatmg case of acute glomerulonephritis the blood 
pressure may nse so rapidly that vasospastic retmitis with constnction 
of the arterioles develops We have been unable to find such retmal 
lesions described m the hterature, unless the two cases descnbed by 
Homiker can be considered to be of this type 
It 13 of mterest at this juncture to note that Amott, Keller and 
Matthew have reported the development of temporary hypertension 
m experimental serum nephritis of rabbits The height and course of 
the hypertension are similar m many respects to those seen m cliniral 
cases of acute glomerulonephntis They produced the renal lesion, 
a glomerulonephritis, accordmg to the techmc of Masugi They were 
convmced that this typie of acute hypertension is reflex m ongm since 
previous renal denervation prevents its occurrence The reflex ongm 
of hypertension m acute glomerulonephntis has also the support of 
Pickermg’s (193) blood flow observations m rliniml cases On the 
other hand, similar studies of blood flow m cases of chrome glomerulo- 
ncphntis and essential hypertension mdicate that the penpheral con- 
stnction is not due to vasomotor reflexes 
In a certain number of cases of trench nephntis the delayed onset 
in general improvement and the slow disappearance of edema mdicated 
a more severe type of renal disease than m the typical resolvmg type 
(46, 132) In a case mentioned by one of us (Keith (132)), edema and 
hypertension were still present at the end of three months In this 
case the retinal findmgs were of great interest On the seventeenth 
day of the disease the fundi were normal, on the fiftieth day a mild 
retmitis had developed and, by the ninetieth day, there was a diffuse 
retmitis including neurorctmal edema In a second and similar case 
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large areas of detachment of the retina developed R Foster Moore 
had a similar experience m five cases, seven to mne weeks after the 
onset In such cases there gradually developed the chmcal and func- 
tional findmgs of chrome glomerulonephritis and the ultimate progno- 
sis was not good 

It IS of interest that, in the experience of German observers of war 
nephritis, the mild edema of the disks and surroundmg retma noted by 
Sundell and Nankivell and Keith and Thomson was a frequent findmg 
Hanssen and Knack observed this lesion m only three of 130 cases, 
but most of their patients were seen rather late m the course of the 
nephritis Hormker found varymg degrees of edema of the papiUa 
and penpapillary retma m about a fourth of the 571 cases he examined 
He thought that this edema occurred as an imtial symptom m prac- 
tically all cases, smee it was very transient and was observed most 
frequently m acute cases seen a few days after the onset of the nephri- 
tis Hormker noted extreme narrowmg of the retinal artenes m two 
of these cases durmg an eclamptic uremic attack and, m his opimon, 
the edema was the expression of a transient retinal ischemia 

Hanssen and Knack found retmal changes m eleven of 130 cases 
of war nephritis In two of these cases typical albummunc neuro- 
retmitis was present, but whether the patients were seen m the acute 
or chrome stage of nephritis was not stated As a result of their 
chmcal and histologic studies they concluded that the retimtis which 
occurs m nephritis is a toxic inflammatory lesion 

Homiker’s senes of 571 cases mduded chrome diffuse glomerulo- 
nephntis and malignant sclerosis as well as acute diffuse glomerulo- 
nephntis Sixty-seven patients (11 per cent) had hemorrhages m 
the retma and seventy-six (13 per cent) had “nephntic retmitis ” 
Retmitis with edema of the disks, “albummunc retmitis,” was 
observed m six patients with acute diffuse glomerulonephntis In 
five of these patients the retmitis developed withm eight days of the 
onset of the nephntis Defimte narrowmg of the retmal artenes was 
present in all of these cases Hormker was mclmed to accept with 
reservations Volhard’s theory of the ischeimc ongm of the retmitis 

In our expenence retmitis may develop m chrome glomerulonephntis 
as a result of three mam factors edema, anemia and angiospasm 
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Some patients ivith both persistent moderate hypertension and gener- 
alized edema, quite similar to the subchronic cases of trench nephritis 
previously mentioned but of longer duration, may have edema m and 
under the retma without the usual characteristics of a retinitis The 
subretinai edema may at times be sufcaent to detach the retina 
measurably This retinal lesion seems to be a part of the chronic 
toxemia which includes metabobc disturbances, espeaally of water, 
protein and inorganic salts In our expenence, however, these cases 
are rare (261) 

In other cases of chronic glomerulonephntis in which elevation of 
blood pressure is absent or minimal but in which secondary' anemia of a 
severe grade is present, hemorrhages and cotton wool patches may 
appear in the retina apparently as the result of increased pcrmeabihty 
of the capillary walls Such a retmitis cannot be distinguished in 
general from that seen in anemia from any other cause In cases in 
which the blood pressure is mildly elevated, the presence of tonic 
narrowing of the retinal arterioles may help to distmguish the retinitis 
from that seen in primary anemias, in which the retinal artenoles 
are usually relatively dilated because of the associated low blood 
pressure and loss of vascular tone 

Acute angiospastic retinitis may develop as a rclativcK terminal 
event in cases m which there have been no preccdmg changes in the 
retmal artenoles In such cases, in the early stages of the retinitis, 
the artenoles show only generalized narrowing of varying grade 
Anemia of the disks and the absence of localized spastic constrictions 
of the artenoles distinguish this type of retinitis from that seen in 
acute vasospastic disease with hypertension This type is probably 
the most charactenstic retinitis of chronic glomerulonephntis (fig 3) 
Angiospastic retimtis of the “albuminunc” type (with edema of the 
disks, chflusc edema of the retina, cotton wool patches, hemorrhages, 
macular stars and visible sclerotic changes in the artenoles) is seen in 
patients with chronic glomerulonephntis with complicating or asso- 
ciated diffuse artenolar disease and hy'pertension The retinitis is 
really that of diffuse artenolar disease, and it is often difiicult to tell 
from the ophthalmoscopic picture alone that glomerulonephntis has 
prece'deil the onset of the diffuse artenolar disease Jf the retinitis 
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IS seen shortly after its onset, the presence of definite anemia of the 
disks IS quite suggestive of the presence of glomerulonephritis (fig 4} 
The following is an illustrative case 

A youth, aged seventeen years, on admission m January, 1925, com- 
plamed of edema of one month’s duration General anasarca was evident, 
together with albummuna, cyhndruna, microscopic hematuria, and a blood 
pressure in millimeters of mercury of 160 systohc and 110 diastohc The 
ocular fundi showed no abnormalities, except possibly sbght tonic narrowing 
of the artenoles After the admimstration of an appropnate diet and diu- 
retics, the patient became edema-free and his blood pressure became normal 
m one month In the next two years the patient was re-exammed four 
times, including a careful ophthalmoscopic examination No changes 
occurred in the fundi durmg this period, nor did edema recur, the blood 



Fig 3 Fig 4 

Fig 3 Photograph of Retina in a Case of Chronic Gloherulonephritis, Showing 

Acute Angiospastic Retinitis 

Fig 4 Photograph of Retina, Shoi\tng Retinitis of Diffuse Arteriolar Disease 
IN Chronic GLOiiERULONEPHRiris 


pressure remained normal, but albumm and abnormal cellular elements 
were always found in the urme The patient continued to feel well and 
was at work daily until December 1, 1929, when severe headaches developed 
and, two weeks later, his vision began to fail He was admitted to the 
hospital on January 20, 1930, seemingly very ill His blood pressure was 
200 systohc and 155 diastohc, the unne contained albumm (grade 2 to 3), 
and estimations of the blood urea and creatinine indicated severe uremia 
Examination of the ocular fundi revealed an edema of the disks of 4 diopters, 
scattered cotton-wool exudates and hemorrhages, marked constnction, and 
moderate sclerotic changes of the artenoles, or in other words a diffuse 
angiospastic retimtis of the type seen in diffuse arteriolar disease The 
blood urea rose to 657 mg per 100 c c before the patient died on February 1, 
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1930 The important pathologic findmgs were chrome diffuse glomerulo- 
nephritis, hypertrophy of the heart and diffuse hypertrophy of the media 
m the walls of the artenoles of many organs, mcludmg those of the pia of 
the bram, voluntary muscle, pancreas, and kidney 

Accordmg to our observations, angiospastic and sclerotic lesions in 
the retmal artenoles, which precede the development of retmitis by 
any considerable penod of time, are much less frequently seen m 
chrome glomerulonephnbs than m primary diffuse artenolar disease 
When they do occur m glomerulonephntis they mdicate that the 
nephntis has been compheated by the development of diffuse artenolar 
lesions which may from then on assume the dommant rdle m the pro- 
gress of the disease 

It 13 our impression that, m the mam, retmitis is a more nearly 
termmal event m chrome glomerulonephntis than it is m primary 
diffuse artenolar disease (261) This impression is borne out by the 
statistics of Fishberg and Oppenheuner, and Cannady and O’Hare 
In the latter’s twenty-five cases, the average length of life after the 
development of retmitis was six months If one excludes the cases 
of two patients who hved twenty-one and twenty-three months, 
respectively, the average length of life of the rema inin g twenty-three 
patients was four and a half months 

The retimtis seen m a relatively large group of patients with chrome 
glomerulonephntis is less uniform m type than that seen m a similar 
group with primary diffuse artenolar disease However, the entena 
used by O’Hare for his differentiation of “hypertensive neuroretm- 
opathy” and “artenosclerotic retmopathy” m ra-u-t of chrome glome- 
rulonephntis do not seem to be very accurate, since m the majonty if 
not all of his cases the exatmg factor of the retinitis would seem to 
be angiospastic rather than orgamc lesions m the artenoles 

The record m one of our cases is umque for the length of time under 
observation, thuty-five years, and for the fact that a mild temporary 
retmitis occurred only for a penod of two months when renal function 
progressively decreasing 

This patient, a woman aged fifty two years and single* Iw* sought medical 
advice periodically at The Mayo Clinic from January, 1902, until the 
present (thirty five years), her last visit being in November, 1936 In 
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January, 1901, at the age of sixteen years, edema of the legs had developed 
which was present on the patient’s admission a year later At this time the 
urme contamed albumin m abundance Three months later it contamed 
much albu mm and many casts From that tune until the present repeated 
routme urinalyses have been made and only on one occasion has albumm 
been absent The blood pressure was first estimated m 1911 and was found 
to be 145 systohc and 115 diastohc 

In 1926, at the age of forty-two years, the patient had considerable 
general edema, which persisted and was considered in 1927 to be due to 
chrome glomerulonephritis with nephrotic features The ocular fundi 
were then exammed for the first time and, except for some shght reduction 
in the caliber of the retinal artenoles, were normal We have records of 
eight subsequent ophthalmoscopic exammations m the next rune years, 
the last m November, 1936 In May, 1933, we had evidence of distmct 
impairment of renal function, the serum sulfates bemg 7 8 mg per 100 c c , 
and of moderate secondary anemia, the concentration of hemoglobm bemg 
10 7 gm per 100 c c Both the anemia and renal msufficiency have con- 
tinued smee that date In January, 1935, the ocular fundi disclosed shght 
sclerosis of the retinal artenoles, anemic disks, several hemorrhages, and 
one cotton-wool exudate — m other words a mild retmitis probably associated 
with the anemia Withm two months this retmitis had disappeared and it 
had not recurred up to November, 1936 On this latter date the blood 
pressure m millimeters of mercury was 180 systohc and 115 diastohc, the 
blood urea was 118 mg , the blood creatmme 5 4 mg , and serum sulfates 
9 8 mg per 100 c c Even with this senous renal msufficiency the patient 
feels well and is qmte active 

It IS obvious that in some cases of chrome glomerulonephritis all 
three factors, edema, anerma and angiospasm, may enter mto the 
production of the retmal picture In certam of these cases it is some- 
times difficult or impossible to state which of the factors has been 
mainly responsible for the onset of the retmitis 

There is a difference of opimon as to whether hypertension occurs 
m patients who have pyelonephntis Most observers are agreed that 
hypertension may be absent for years and only develop m the later 
stages Longcope, m a recent study of cases of chrome bilateral 
pyelonephritis, has shown that m the terminal stages, five out of fifteen 
of his patients had a systohc blood pressure of 200 mm of mercury or 
more, on the other hand, there was no demonstrable hypertension m 
four fatal cases Weiss and Parker reported this year (1938) a study 
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of the vascular changes m chronic pyelonephritis and their relation 
to arterial hypertension They beheve that advancing inflamm atory 
vascular ch^ges and resultmg ischemia initiate the hypertension, 
that the clmical features and histologic characteristics of vascular 
lesions m the kidney m chrome pyelonephritis and hypertension can 
be identical with those described under the syndrome of mahgnant 
hypertension These authors estimate that chrome pyelonephnUs is 
responsible for 15 to 20 per cent of the total number of cases of mahg- 
nant hypertension of varied ongm In our senes of such cases at The 
Mayo Chmc durmg the last fifteen years the percentage has been 
defimtely lower 

There is some, although meager, experimental evidence that pyelo- 
nephntis may or may not be assoaated with hypertension In 1917 
one of us (Eleith) and Pulford produced experimental bilateral pyelo- 
nephntis m dogs Direct estimations of artenal blood pressure were 
made, after the mjection of a local anesthetic, two to five months after 
pyelonephntis was produced m two dogs and when distmct renal 
msuffiaency was present The blood pressure was found to be normal 
However, Prinzmetal and Fnedman (198) made extracts of renal 
tissue which was obtamed at necrop^ m two cases of chrome pyelo- 
nephntis with hypertension and with these extracts produced a more 
marked pressor response than with control extracts m a test animal 

Butler, and Barker and Walters, have lately demonstrated an 
mterestmg relationship between hypertension and unil ateral chrome 
pyelonephritis. In the cases of two children and one adult with 
hypertension the blood pressure fell and remamed normal for several 
months after the surgical removal of the mfected kidney 

At present it seems clear that pyelonephritis may or may not be 
accompanied by hypertension Could the blood pressure and the 
hypertension m pyelonephntis follow a similar course to that seen 
m cases of chrome glomerulonephntis m which marked diffuse arte 
nolar disease later develops? (See case page 357 ) Leiter hns raised 
the question as to the relation between bilateral congenital atrophic 
hydronephrosis and hypertension Then agam, the exact cause of 
the hypertension which Schacht beheved to be present in the majonty 
of cases of long standmg bilateral congemtal polycystic kidneys is 
^ also not clearly understood The development of hypertension in 
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these several different conditions, which are characterized by a slowly 
progressive renal lesion, is most probably due to more than one factor 
Renal ischemia may possibly be one However, the subject needs 
further observation and mvestigation before the exact cause or causes 
are known 


HEREDITY IN HYPERTENSION 

Even to the casual observer it is apparent that cardiovascular 
disease frequently afflicts a number of persons of the same family 
Reports have appeared m the hterature of several famihes m which 
the madence of vascular disease was unusually high Thus, m 1907, 
Raymond recorded a family, mne members of which died of apoplexy 
In 1923, Rosenbloom found arteriolar hypertension m examination of 
eight of ten children m one family Both parents had died of cerebral 
hemorrhage In 1925, de Nador-Nikititch found, m a study of one 
family, that one parent and five of eight children had hypertension 
In 1923 Weitz made studies of the blood pressure of members of the 
famihes of eighty-two hypertensive patients He stated that death 
from heart disease, and strokes, are much more frequent among the 
parents of hypertensive persons than among the parents of average 
people Also, Weitz stated that deaths of this type occur at a younger 
age among the parents of hypertensive persons than among the 
parents of average people and that among the parents of younger 
hjrpertensive persons death occurs at an earher age than among 
parents of older hypertensive persons He found that parents of 
hypertensive persons only exceptionally reached advanced age Weitz 
studied the blood pressure of mnety-three sibhngs of forty-two 
hypertensive persons Among sibhngs more than fifty-five years of 
age, half either had hypertension or had died of it He was not 
able to demonstrate exogenous causes for the hypertension in this 
group and he concluded that the hypertensive disease was a simple, 
dommant, hereditary charactenstic 

In 1924, O’Hare, Walker and Vickers analyzed the family histones 
of 300 unselected cases of permanent hypertension Of this group of 
patients, 68 per cent gave defimte histones of apoplexy, heart disease, 
nephntis, artenosclerosis or diabetes havmg afflicted one or more 
members of the family The number of relatives who had vascular 
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disease vaned from one to nine and averaged two and a half per 
patient Among a control group of 436 patients who had nonvascular 
disease, a history of famihal vascular disease was found m only 
37 6 per cent 

In 1933 Ayman (17) reported studies of the blood pressure of thirty- 
two persons more than thirteen years of age, representmg three gen- 
erations of one family He found that 100 per cent of the first gen- 
eration, 80 per cent of the second, and 25 per cent of the third had 
elevated blood pressures In 1934, Aynma (IS) analyzed the blood 
pressures of 1,524 members of 277 farmhes He found that, m the 
fanuhes m which the parents had absolutely normal blood pressure, 
the madence of elevated blood pressure among the children was only 
3 1 per cent In the famihes m which one parent had arteriolar hyper- 
tension, the madence of elevated blood pressure among the children 
was 28 3 per cent In the famihes in which both parents had arte- 
nolar hypertension, the madence of elevated blood pressure among 
the children was 45 5 per cent Of seventy brothers and sisters of 
parents who had normal blood pressures, 37 3 per cent had elevated 
blood pressure Of eighty six brothers and sisters of parents who hod 
arteriolar hypertension, 65 3 per cent had elevated blood pressure 
Hmes and Brown (113) and their associates at the Mayo Chmc 
have studied the hereditary factor m essential hypertension along 
Imes somewhat different from the purely statistical methods of the 
authors quoted previously In speakmg of the probable existence of a 
“hypertensive constitution,” Volhord, although he letmed more to the 
assumption of an inherited infenonty of the vascular system, sug- 
gested the possibihty that the wear and tear on a normal vascular 
system becomes accelerated through on inherited vasolabflity which 
expresses itself by abnormally strong and frequent fluctuations of 
blood pressure of nervous ongm O’Hare, Walker, and Vickers stated 
that, m the early history of hypertensive patients, symptoms often 
could be ehated mdicatmg vasomotor weakness, such as frequent 
epistans, excessive menstruation, migraine, cold, sweaty and cyanotic 
hands, flushmg, bhnkmg, and other evidence of a high strung tempera- 
ment Such symptoms were presented by 42 per cent of their 300 
hypertensive patients and by 87 per cent of 100 patients among whom 
these symptoms were the subject of spcaal mquiry 

I 
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In 1932, Hines and Brown devised a standard test for measuring the 
maximal vasomotor response, or highest blood pressure range, of 
patients who had hypertension This test consists m estabhshmg a 
basal blood pressure readmg by an appropnate penod of rest, then 
placmg one hand of the patient in water at 4‘^C and notmg the blood 
pressure at the end of thirty seconds and at the end of sixty seconds 
The hand is then removed from the water and readmgs are taken 
every two minutes until the blood pressure returns to its basal level 
"V^th this test, an mdividual whose blood pressure is normal shows an 
average mcrease m blood pressure of 11 mm of mercury systohc and 
10 mm diastohc The upper limit of normal mcrease was considered 
by Hines and Brown to be 22 mm of mercury Individuals who had 
essential h 3 rpertension showed a much greater mcrease m pressures 
under this test Among patients who had early or “pre-orgamc” 
hypextension, the average mcrease of blood pressure was 34 mm of 
mercury systohc and 25 mm diastohc Among the patients who had 
an ‘‘orgamc” stage of essential hypertension, the average mcrease 
of blood pressure was 47 mm of mercury systohc and 34 mm diastohc 
In applymg the foregomg “cold test’' to 571 subjects, Hmes and 
Brown (114) found a group of mnety mdividuals who gave normal 
blood pressure readmgs but whose response to the test was above 
the upper limit of normal The average rise of blood pressure m these 
cases was 29 mm of mercury systohc and 24 mm diastohc Seventy- 
eight of the nmety patients gave a positive family history of hyper- 
tension (86 per cent) Only 14 per cent of the group with normal 
reactions gave a family history of vascular disease Withm four years 
of the ongmal exammation, three of eight “hyperreactor normals” 
were known to have developed hypertension As a result of a study 
of 190 members of fifteen family groups, six without and rune with 
defimte evidence or history of hypertension, Hm es and Brown ex- 
pressed the opmion that the vasomotor reaction to cold follows an 
mhented pattern and that the excessive or hypertensive type of reac- 
tion occurs m the famihes m which there is a hypertensive diathesis 
Eighteen per cent of 400 normal school children between the ages of 
five and eighteen years were found to give hypertensive reactions to 
the cold pressor test They were led to beheve that “the abnormahty 
of essential hjrpertension is an excessive response m the blood pressure 
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to mtrmsic and extrinsic stimulation This abnonnahty is an heredi- 
tary one which appears early m hfe and remains dunng hfe When 
the level of the blood pressure is elevated and chnical degrees of 
hypertension exist, the reactions then mcrease with mcreasing seventy 
of the hypertension This hyperreactive vasomotor mec h a ni s m may 
be an important factor m the production of artenolar hypertrophy 
and m the subsequent development of the organic stages of the 
disease ” 

Hmes and Brown thought that the mechanism of the reaction to 
cold was probably that of a widespread vasopressor reaction imtiated 
through a neurogcmc reflex arc That epmephnne was not the cause 
was proved by the fact that the reaction occurred m adrenalectomized 
dogs and m patients who had Addison’s disease The reaction is not 
inhibited by a tourniquet placed around the arm to shut off the return 
of blood from the hand which is m the ice water 

These studies of Hines and Brown have been confirmed by Dieck- 
mann and Michel, usmg essentially the same techmc Of six non- 
pregnant women who had essential hypertension, the average rise of 
blood pressure was 36 mm of mercury systohc and 36 mm diastohc, 
and of sue afflicted with vasomotor irritability but who gave no family 
history of hypertension, the average rise of blood pressure was 37 mm 
of mercury systohc and 35 mm diastohc. Of twenty-eight non- 
pregnant women who gave a family history of hypertension, the aver- 
age rise of blood pressure was 35 mm of mercury systohc and 34 mm 
diastohc, while of forty-two nonpregnant women who gave no f amil y 
history of hypiertension, the average nse of blood pressure was 18 mm 
of mercury systohc and 23 mm diastohc. 

Hines and Brown found that the systohc form of hypertension seen 
m cases of senile arteriosclerosis and m cases of glomerulonephritis 
gave d efini tely less response to the cold pressor test thnn did the pre- 
existent and existent stages of essential hypertension This fact is 
of particular mterest with regard to the constriction and sclerosis seen 
in the rctmal arterioles of certam patients who give apparently normal 
blood pressure readmgs (115) One of us (VVagener) has believed 
that these changes, if definite, arc always ossouated with hypertensive 
disease since they must mdicate a tendency to generalized artenolar 
constnction and sclerosis The cold pressor test was apphed by Hines 
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and Brown to fifty patients of this type, ranging in age from thirty- 
four to sixty-five years' The mean reaction m blood pressure for the 
group was 38 mm of mercury systohc and 26 mm diastohc In 70 
per cent of the cases the return to the previous basal level was abnor- 
mally prolonged Hourly readmgs of the blood pressure of ten of the 
group so studied revealed marked labihty Eighty-two per cent of 
the patients gave positive family histones of cardiovascular disease 
In this connection, Brown (115) suggested that the abnormal vaso- 
motor reactions of patients of this type might be due to the absence 
of a normal controllmg factor rather than to the presence of an abnor- 
mal pressor substance 

It seems obvious, then, that certam mdividuals who have this 
inhented, abnormal vasopressor response to stimuh may have con- 
stnction and sclerosis of the artenoles for some time before they give 
the usual chmcal signs of hypertensive disease The fact that this 
early phase of the disease may be visible m the retma before it is 
manifested elsewhere, except by speaal functional tests, offers a 
valuable field for clinical research to the ophthalmologist who wishes 
to study, along with the mtermst and physiologist, the early phases 
and modes of development of vascular disease An extensive study 
of the cahber of the retmal artenoles of children and adults of different 
ages might be of considerable value m this respect 

TOXEMIA OE PREGNANCY 

Observation of patients with the toxemias of the later months of 
pregnancy affords an excellent opportumty for studjong certam phases 
of hypertensive disease Most of these toxemias are comphcated by, 
or assoaated with, a nse m blood pressure Any classification of the 
toxemias must take mto consideration two mam facts (1) that primary 
glomerulonephntis or essential hypertension may exist before the onset 
of pregnancy and may imdergo exacerbation m the course of the 
pregnancy with resultant toxemic manifestation, and (2) that the blood 
pressure may nse acutely or gradually comadent with, or prehmmary 
to, the appearance of symptoms of toxerma m a previously normal 
patient The presence of pregnancy mtroduces special problems in 
the management of glomerulonephntis and essential hypertension, 
but otherwise, of course, the diseases are identical with those m the 
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nonpregnant individual The cases m which elevation of blood 
pressure occurs more or less rapidly m a previously normal patient 
present, however, some pomts of especial mterest 
In this latter group of cases it is questionable whether eclampsia, 
with its characteristic lesions m the hver and kidneys, is basically 
different from pre-edamptic toxemia m which the prmapal objective 
manifestation is elevation of the blood pressure As noted by Hemck 
and Tillman m 1934, m most obstetnc chmcs every woman with high 
blood pressure is classified as havmg nephritis Obviously this is 
not true It is equally obvious, however, that while most pre- 
eclampsias and eclampsias are vasospastic m type, chmcally some 
patients with eclampsia present more evidence of renal damage than 
others and, m some cases, generalized edema is so striking as to justify 
the diagnosis of a nephrosis or of an acute nephritis with nephrotic 
manifestations The similanty of these cases to certain cases of 
trench nephntis m the male is striking These patients present a 
retmal picture which is predominantly that of subretinal edema, often 
suffiaent m degree to detach the retma withopt any of the usual mani- 
festations of retmitis The mode of development and postpartum 
course m these cases are not identical with those in cases of the pre- 
dommantly vasospastic type Accordmgly, if we assume the presence 
of a circulatmg toxm or pressor substance common to all cases, we 
must assume that this toxm has a varymg affimty for different tissues 
in different cases The presence of such a substance m the blood of 
these patients has never been conclusively demonstrated 
The fact that all elevations of blood pressure seen m the course of 
pregnancy arc not secondary to primary nephntis is conclusively 
demonstrated by the studies of Corwm and Hemck and Hemck and 
Tillman They stated that chmcal follow up studies in cases of 
toxemia marked by hypertension as the donunont feature, and with 
albummuna secondary and subsidmg, appear to reveal the sbgma of 
hypertensive cardiovascular disease rather than of primary nephntis. 
In their senes of eleven cases of persistent cardiovascular-renal disease 
foUowmg pregnancy which came to necropsy, the pathologic chagnosis 
was primary glomerulonephntis m four cases and primary cardio- 
vascular disease with artcnolar sclerosis m seven Hemck and Till- 
man suggested that patients in the vascular group have a tendency 
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toward hyperteiision before th.e onset of pregnancy. It is of interest 
to note in tins connection, however, that the results of Hines and 
Brown’s “cold test” were not uniformly positive m this group of cases 

Until comparatively recent years the findmgs of “albunununc 
retimtis” in a pregnant patient has been universally considered to te 
diagnostic of chrome nephritis Thus m 1915 Miller stated, “It has 
been my experience that albuminuric retmitis of pregnancy affords 
evidence strongly indicative of primary nephritis ” In 1924 Cheney 
admitted, m agreement with Schiotz, that retimtis does occur m 
acute toxemias of pregnancy without evidence of a pre-existmg neph- 
ntis and that a few of these patients do not show evidence of residual 
nephritis Most authors, espeaally among the obstetnaans, attempt 
to differentiate between “retimtis” and “albuminunc retimtis” and 
state that the latter always mdicates chrome nephritis Personally, 
we do not beheve that there is any distinction between these two 
“types” of retimtis except the time element, smee most patients who 
show primarily a few cotton-wool patches and hemorrhages will later 
develop the characteristic picture of “albuminuric retimtis” unless 
the pregnancy is terminated spontaneously or otherwise In our 
opmion, also, m the case of the pregnant woman as in that of the non- 
pregnant woman, the albuminunc type of retimtis is more often the 
result of diffuse artenolar disease than it is of primary glomerulo- 
nephntis The foUowmg cases illustrate these two pomts 

A woman, aged thirty-six, was admitted to the hospital m September, 
1920, m the sixth month of her first pregnancy On a previous visit to the 
■dime in 1919 her blood pressure had been recorded as 142 systohe and 100 
diastohc The blood pressure had shown a tendency to rise rather early 
m the course of the pregnancy and, in the fifth month, was 160 systohe and 
120 diastohc At the time of her admission to the hospital the patient’s 
blood pressure was 224 systohe and 120 diastohc, and dunng her stay it 
ranged between 192 and 220 systohe and 112 and 140 diastohc The urme 
contamed albumm, grade 3 to 4 The concentration of urea m the blood 
was 44 mg per 100 c c Ophthalmoscopic exammation revealed marked 
hypertensive changes m the retmal artenes On the fourth day cotton- 
wool patches and hemorrhages appeared m the retma, and these gradually 
mcreased m number Induction of labor was advised but was refused 
By the end of two weeks the classical picture of “albuminunc retimtis” 
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had developed. On October 6, nineteen da>3 after admission, labor was 
mduced and a non viable fetus was debvered From this time on the 
retimtis gradually subsided Srs months after dehvery, m April, 1921, 
the blood pressure was 170 systohc and 116 diastohc, the urme contamed 
albumm, grade 2, and the concentration of urea m the blood was 54 mg 
per 100 c-c Ophthalmoscopic examination revealed rather marked retinal 
arteriosclerosis with residual postretmitic scamng Three and a half years 
later, m November, 1924, the blood pressure was 230 systohc and 130 
diastohc, the unne contamed albumm, grade 2, the concentration of urea 
in the blood was 35 mg per 100 c-c , the concentrating and dilutmg powers 
of the kidneys were fair, and the retimtis had not recurred. The hyper 
tension was considered to be of the essential type One and a half years 
later, m February, 1926, the patient had a cerebral vascular accident, ivith 
a resultant nght hemiplegia from which she made a verv good recovery 
About one year later, in Aprd, 1927, the patient had a recurrence of the 
retimtis and showed defimte evidences of renal and myocardial insufficiency 
The concentration of urea m the blood was 68 mg per 100 c c. and an 
electrocardiogram showed inverted T waves m leads I, If, and HI, which 
indicated left ventncular stram The blood pressure at this time was 230 
svstohc and 140 diastohc One year later, in May, 1928, the patient died 
at home, apparentlj as the result of the hypertensive disease Necropsj 
was not obtained 

A woman, aged forty-one, was admitted to the hospital m April, 1920, 
in the seventh month of her eighth pregnane} Her blood pressure was 250 
systohc and 160 diastohc Her unne contamed albumin, grade 3, and many 
casts The concentration of urea was 40 mg per 100 c c of blood Ex- 
tensive diffuse retinitis of the albummunc type was present in each eye, 
wnth edema of the disks and star figures m the macular regions At that 
time the diagnosis was chrome glomerulonephntis with nephntic retmitis 
The patient was delivered five days after her admission Sixteen months 
after the termination of pregnancy the s}stohc blood pressure was 180 
and the diastohc 130 Ophthalmoscopic exammation reiealed sclerosis, 
grade 3, of the retinal artencs, with residual scars in the retina and choroid 
and some pallor of the disks but no recent rctmitis tVith the exception of 
the occurrence at times of small hemorrhages m the retma, the retinal lesions 
did not change esscntiall} dunng the remaimng period of obsersmtion In 
iXo\ ember, 1924, four and a half } ears after the original toxemia, the patient 
relumed to the chnic because of a left hemiplegia and left homon}mous 

emmnopia, apparentl} the result of a cerebral hemorrhage or thrombosis 
The 8}slohc blood pressure at this tune was 170 and the diastohc 110 
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Urmalysis gave negative results except for indicating the presence of al- 
bumin, grade 1 The concentration of urea was 10 mg per 100 c c of 
blood The patient made a very excellent recovery from both the hemi- 
plegia and hemianopia, but three and a half years later, m May 1928, she 
died as the result of a second cerebral vascular accident Necropsy re- 
vealed hypertrophy of the heart (it weighed 548 gm as compared -with the 
normal of 300 gm for a person of corresponding height and weight), mul- 
tiple old and fresh cerebral hemorrhages, and generalized arteriosclerosis. 



Fig 5 Kidney at Necropsy in a Case of Diffuse Arteriolar Disease with 
Hypertension of Group 2, Showing Arteriolosclerosis Which 
Was Residual of Toxemia of Pregnancy 


The kidnej othenvise i\as normal (hematox 3 lin and eosm X190) 


grade 2, with arteriosclerotic changes, grade 1, in the kidneys The glom- 
eruli were well preserved and the rest of the renal tissues were essentiall)' 
normal The pathologic diagnosis was essential hypertension with fresh 
cerebral hemorrhage (fig 5) 

Until comparatively recent years, essentially no studies were made 
of the retmal artenes m cases of toxemia of pregnancy prior to the 
onset of retimtis, and no adequate study of the vessels had been made 
even in the presence of retmitis This probably was largely because 
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ophthalmologists were rarely called to see these patients imtil they 
complamed of disturbance of vision, at which time retmitis was usually 
well established and considered as defimte evidence of the presence of 
chronic nephritis In 1918, Volhard suggested that generalized arte- 
nal spasm, not renally conditioned, was responsible for the hyper- 
tension, convulsions and renal ^mptoms in eclampsia The careful 
studies of Myhus on the retmal arteries, published in 1928, furnished 
the first demonstration that arterial spasms did occur m toxemia of 
pregnancy, that they antedated definitedl) the appearance of retinitis, 
and that they might disappear without leaving any visible organic 
change m the vessel walls About the same time we at The Mavo 
Clmic were observmg these transitory changes m the retmal arteries 
of patients with the toxemia of pregnancy and noting that they were 



Fig 6 Piiotoorapii of Rctlna Suowcnc Nareo\stso or AiTERiOLEfi Grade 2, and 
Sclerosis Gradf 2+ a Residual to RcTiNms or thf 
Toxeiua of Pregnancy 

not always ossoaated mth retmitis and were not necessanl> followed 
by retmitis if the pregnancy was terminated shortly after their first 
appearance If one assumes wth Fnedenwald that the development 
of anoxemia m the retina is demonstrated b} the appearance of 
rctimtis and that the retmal tissue lysins resulting from the anoxemia 
secondarily cause organic changes m the vessel walls (fig 6), it seems 
logical to assume that organic changes will not develop m the arteries 
if the pregnamy is terminated at the first suggestion of retinal anox- 
emia This assumption is supported by the results Thus of nine 
teen patients with acute toxemia of pregnancy who had not had 
hypertension previous to pregnancy and who showed during the 
toxemia artcnolar spasms but no retmitis, only one had persistent 
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hypertension following pregnancy whereas of fourteen patients of 
the same type who showed artenolar spasms with retmitis, eleven had 
persistent hypertension and the three who had no residual hyperten- 
sion showed only a few cotton-wool patches and hemorrhages m the 
retma, which rapidly disappeared With the observation of a larger 
senes of cases it has become obvious that permanent organic changes 
do take place at times m the artenolar walls after persistent spasm 
without the development of ophthalmoscopicaUy visible retmitis 
If it were possible to determine defimtely the earhest signs of these 
orgamc changes, more patients might be spared the onset of general- 
ized artenolosclerosis and persistent hypertension A valuable field 
for further investigation is open here to ophthalmologists for the 
determination of signs or tests to distmgmsh purely spastic from 
defimtely orgamc lesions of the artenoles 
It IS of mterest that m the toxermas of pregnancy the presence or 
absence of spasms m the retmal artenoles cannot be defimtely cor- 
related ivith the height of the blood pressure Often, the condition of 
the retmal artenoles seems to be a more reliable gmde to the seventy 
of the toxerma than is a smgle determmation of the blood pressure 
This IS not necessarily true, however, if twenty-four hour studies of 
the blood pressure are considered rather than smgle readmgs Oph- 
thalmoscopic examination is only one of the aids to the estimation of 
the seventy of any type of vascular disease However, the field of 
toxemia of pregnancy is one m which close co-operation between 
ophthalmologist and internist or obstetncian can be of great value 
both to the patient and to our knowledge of the basic processes m- 
volved m the development of h 3 rpertension The studies of Masters 
and Hallum m the Umted States have essentially confirmed the find- 
ings of Myhus The accompanying photographs illustrate the local- 
ized spasms of the retmal artenoles observed by Myhus and Hallum 
m toxemias of pregnancy (figs 7, 8 and 9) 

Dieckmann and Michel studied the response to the “cold test” of 
Hines and Brown (114) of a group of pregnant women with toxemia 
They found that m thirty-four cases of pre-eclamptic toxemia the 
average increase m blood pressure dunng the test was 26 mm of 
mercury systohc and 23 diastohc In five cases of eclampsia the 
average mcrease was 26 systohc and 16 diastohc The mcrease m 
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blood pressure was not as great os in a group of thirteen normal, 
pregnant women with a family history of hypertension among u hom 
they had found an average nse of blood pressure of 35 ram systohc 
and 28 diastolic However, in a group of thirty-three pregnant women 



Fio 7 PnoTOOEAPU or Rxtdu 


Com of Dr k AI>liuji a, spasm of arterioles In toxemia of pirgnoncj , 6 after rccoten 



lie 8 PuoiooitAPH OP RniNA 

Case of Dr K, 'Nlybus a spasm of oncnoles In toxemia of pregnancy b after 
recosety 


wth chronic ncphntis, including some ivith pnmary hypertension, 
chronic glomerulonephritis, and recurrent toxemia of pregnancy, the 
average increase m blood pressure was 51 systolic and 37 diastolic 
These figures remained essentially the same in this group after the 
termination of pregnancy 
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Dieckmann and Michel suggested as possible explanations for the 
relatively low response of patients with pre-eclampsia and eclampsia 
(1) that m these cases vascular spasm may already be at its height, 
and (2) that there may be in these diseases lowered sensitivity to pain 
Whatever the explanation, it seems logical to assume that not all 
patients with pre-eclamptic toxemia or eclampsia have a prelimmary 
hypertensive background and that some of them, at least, should have 
normal vascular systems after the termination of pregnancy if the 
toxerma is adequately controlled 



Fig 9 Fig 10 

Fig 9 Photograph op Retina (Case of Drs Halluai and Clav), Showing Spasm 
OF Arterioles in Toxemia of Pregnancy 
Fig 10 Photograph of Retina in a Case of Vasospastic Disease ivith 
Hypertension, Shoivtng Acote Angiospastic Retinitis 

ACUTE VASOSPASTIC DISEASE WITH HYPERTENSION 

Since Myhus and Wagener observed and descnbed visible vaso- 
spastic changes m the retmal artenoles m cases of eclampsia, several 
observers have reported cases, m which the patients were males or 
nonpregnant females, that simulated many of the features of eclampsia 
The charactenstic findmgs are acute onset, with a qmck nse m blood 
pressure and rapidly developmg retimtis (fig 10) These cases differ 
from those of acute glomerulonephritis in that the evidence of renal 
damage is minimal or absent The following case, reported by Habem 
and Wagener, is noteworthy 

The patient was a man, aged forty-two years He had been exammed 
at The Mayo Chnic at the ages of thirty-four and forty-one years respec- 
tively and had been found to be healthy The only defimte lUnesses he 
had had were several attacks of tonsdhtis and quinsy, he had had mild 
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symptoms of peptic ulcer Three weeks before his admission, the illness 
for which he presented himself had begun with sudden onset of severe head 
ache, some nausea, blurring of vision and mcrease m blood pressure to 220 
mm of mercury systohc and 135 diostohc On physical examination the 
blood pressure was 220 sj stohc and 130 diastohc , the heart was not enlarged , 
the pulse rate was 90, there was no edema (fig 11) Ophthalmoscopic 
exammation revealed bilateral, acute, diffuse retimtis with edema of the 
optic disk, diffuse edema of the retina mvolving the macular region, cotton- 
wool patches and hemorrhagic areas m the retina. The retinal arterioles 



AM PM AM 

Fio 11 iVcUTE Vasospabtic Dibeam: wrrn H\pehtension 
The blood pressure of this patient was detenmned each hour for lwcnt> four hours 


were generally narrowed but there was no evident locohxed spasm or sclero- 
sis A few days later, however, defimte localized spasms were visible On 
routine analysis the unne showed a trace of albumin and a few er> throcy tes, 
the number of cry throc> tes per cubic millimeter of blood w as normal The 
concentration of hemoglobin and urea m the blood, the \alue for serum 
sulfate, and the results of the urea clearance test were also normal De- 
crease m the sulfate clearance and failure of the specific gravit> to nsc abo\ c 
1 020 were the only distinct abnormahties m renal function Tonsillectom> 
v.a3 done On the patient’s dismissal, three weeks after admission, the 
retinitis was receding and the blood pressure was 130 5>'3tolic and 80 dia 
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stohc The patient was seen subsequently on five occasions in the next 
year He felt well throughout Within six months the retmitis had disap- 
peared One year after the onset, the blood pressure was 165 systohc and 
110 diastohc, there was only rmld narrowing and sclerosis (fig 12) of the 
retinal artenoles, the urme was protem-free and renal function was normal 
Naturally, we do not know what the ultimate course m this case will be 
Dunng the first year, however, there has been little to suggest a diagnosis 
of glomerulonephntis 

It IS of interest to note that Mahomed, in 1879, descnbed similar 
cases without evidence of nephntis The patient’s condition, after 
the imtial severe episode, seems best descnbed as a mild form of 
diffuse artenolar disease which the authors would consider as belong- 



FiG 12 Photogr-xph of Retina in a Case of Acute Vasospastic Disease with 
Hypertension, Shoiving Narrowhng of Arterioles, Grade 1 , and Sclerosis, 
Grade 1 , a Residual of Acute Angiospastic Retinitis 

mg to group 1 The charactenstics of cases of group 1 and of other 
groups are given m the section on essential hypertension 

The course of the disease m the foregoing case has been very favor- 
able so far The residual damage to the retinal arterioles is minimal 
and the persistent hypertension of a low grade The end result, 
however, m these cases of acute vasospastic disorder is not always so 
satisfactory, for just as m the toxemias of pregnancy, the persistmg 
hypertension may be progressive and severe Such a case (133) 
will now be outhned 

The patient was a woman, who after having been under observation for 
many years for other illnesses, became afflicted within a few months by a 
severe form of arteriolar disease with hypertension The patient first came 
to The Mayo Chmc m 1914 when she was eleven years of age and thus has 
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beea under our observation for eighteen years When she was aged se\ en- 
teen years, cervical adenitis developed, and two years later the diagnosis 
of tuberculous nodes was made histologically foUoiving surgical operation 
At the age of twenty-one years she had her first baby, without any untoward 
events during pregnane) Three years later the vision m her left eje 
became poor Her second pregnancy, at twenty six jears, was normal, 
there was no albimununa or hypertension throughout The ocular fundi 
were normal except for the presence of healed tuberculous chorioretinitis 
m the left macular region The next year, 1930, routine urinalysis ga\ e 



PM. A.M. PM 

Fio 13 Acute Vasospastic Disease wthi Hypertexsios 
The blood prcMure of this patient was determined each hour for tVicntv four hours 

results which were negathe, as they had been on previous visits In 
March, 1932, the blood pressure was 110 systobc and 70 diastolic. Previous 
to that date the records of blood pressure were also within the hmits of 
normal In August, 1932, the patient came in for refraction because of 
headaches No lesion was found in the fundus except the old central 
choroiditis of the left eye. 

In November, 1932, because of increasing seventy of the headaches 
the patient i\as thoroughly examined again The systobc blood pressure 
vvos 220 and the diastolic, 140 (fig 13) The artenolcs of the ocular fundi 
were markedly attenuated but there was no rctmitis On routmc unn 
alysis albumin, grade 3, uas discovered but casts or erj ihrocj tes were not 
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found The value for blood urea and serum sulfate was normal although 
the urea clearance was reduced to 25 c c Two weeks later the patient was 
brought mto the hospital m a stuporous condition She was apparently 
totally bhnd, but two hours later she perceived movmg objects and had 
left homonymous hemianopia Ophthalmoscopic exammation revealed 
marked constnction of the retinal arterioles, with considerable spastic 
irregulanty Hemorrhages and cotton-wool exudates were present m the 
nght retma The next day the woman could read a newspaper and the 
visual fields were normal There was no actual paralysis Durmg the 
next three weeks, the typical “albummunc” retimtis of so-called mahgnant 
hypertension (group 4 m our classification) developed, with edema of the 
optic disks, numerous cotton-wool patches and hemorrhagic areas, and m 
the nght eye there was a partial macular star, the artenoles were markedly 



Fig 14 Photograph op Retina in a Case of Acute Vasospastic Disease ivith 

Hypertension 

The artenoles are nanoived, grade 2 to 3, and sclerosed, grade 3, and there is pen" 
vascular thickening This nas a residual of acute angiospasUc retinitis 

constncted Exammation of artenoles of a small portion of the pectorahs 
major muscle, removed for histologic study, disclosed a decreased ratio of 
lumen to wall, 1 4, and a moderate mcrease m the mtimal and medial 
nuclei Withm a month of admission the patient slowly began to improve 
and the retmitis to subside Eight months later there were residual signs 
of the retmitis but no active lesions Twenty months after the onset of 
the retmitis there were still shght residual signs of retinitis The artenoles 
of the retina were stdl markedly narrowed and were defimtely sclerosed, 
grade 3, as can be seen m figure 14 

This condition had not changed up to the tune of the last exammation 
of the patient m August, 1936 (a penod of three years) The patient's 
general condition continued to be good until nght hermplegia developed on 
May 25, 1935 She agam gave evidence of remarkable recuperative powers 
and m spite of some weakness of the nght arm and leg she has been able 
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to do part time work smce In August, 1936, the patient was well nourished, 
her weight was normal The retina still appeared as m figure 14 The 
blood pressure was 205 systohc and 135 diastolic On routme urinalysis a 
moderate amount of albumin was found but there were no erythrocytes or 
casts The concentration of blood urea and of serum sulfate was normal 
although the clearance of both was moderately reduced The concentration 
of heraoglobm m the blood was 12 8 gm per cent, a figure only sbghtly 
below normal 

Following the acute vasospastic phase m this case the course was 
rather favorable for two years In spite of the development of right 
hemiplegia a year ago the patient is sbU able to do a portion of her 
housework It is noteworthy that in this case diffuse artenal disease 
was present and accurate observations were made for four years, 
dunng this period, distinct secondary anemia or senous renal insuffi- 
aency did not develop Such findmgs are not usual in cases of pro- 
gressive, diffuse, glomerulonephntis 
Koemgsberger and Bannick and Beaver (141, 142), m 1932 and 
1933, reported a case m which hypertension and symptoms of diffuse 
vasospastic artenolar disease developed a short time after an attack 
of septic sore throat 

The patient was a man, aged tiventy mne years, who on admission had 
a blood pressure of 180 systohc and 140 diastohc, there was no retmitis 
and routme exammation of the blood and urme and certain tests of renal 
function gave negative results. While the patient was under observation, 
three different types of pam developed (1) severe and cramp-hke pain m 
the abdomen, (2) severe headache and (3) substcmal attacks which were 
coronary m type These symptoms gradually lessened, and m five weeks 
the patient considered that he had recovered At this time a specimen for 
biopsy was taken from the pectorahs major muscle and histologic findings 
were rather meager, e.\cept that there wos some increase in the nuclei m 
both intima and media The patient remamed symptom free for the neat 
>ear However, approsimately eighteen months after the onset, the 
paUent showed the typical findings of severe, diffuse artenobr disease with 
hj-pertension The retinitis was that of group 4, w ilh edema of both optic 
disks, and renal studies revealed albummuna and some reduction in renal 
function At this time a second biopsj rev ealed decided changes in the 
walls of the arterioles, some of the arterioles were complctel> closed b> 
hviicrtrophy of intima and media The subsequent course of the disease 
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was rapid The patient died within two years of the initial symptoms 
Necropsy revealed the typical pathologic findmgs of group 4, described 
by Kemohan and his associates (135, 138) m 1928 and 1929 and by Cam 
m 1934 

This case, in our opinion, is an e\ample of acute vasospastic hyper- 
tensive disease which ran a short course, terminating within two 
years During the termmal phase the chnical and pathologic features 
were those of so-called mahgnant hypertension As in the previously 
outhned case, there were many features that one does not associate 
with acute, subacute, or chrome glomerulonephritis 

We have so far desenbed three cases that presented features of 
diffuse arteriolar spasm It is of interest to recall that ophthal- 
mologists for many years have observed and desenbed the occurrence 
of local artenolar spasm m the retma Elschmg and Wagenmann have 
recorded transient bhndness associated with occulsive spastic con- 
stnction of the retmal artenoles Comcident with the quick return 
of vision the spasticity of the retmal artenoles disappeared Similar 
cases have been followed by Wagener and Gipner The following 
case IS an outlme of the sequence of events m one of their cases 

A physician’s wife, aged forty-five years, gave the history that respec- 
tively seventeen years and twelve years previously she had had two mis- 
carriages at the sixth month Between these miscarnages she had a normal 
pregnancy All three pregnancies were accompamed by albummuna but 
the blood pressure was not ascertamed For twelve years she had short 
penods of partial or complete bhndness and for four years white or dead 
fingers On examination there was shght anemia, the systohe blood pres- 
sure was 160 and the diastohc, 100 On routine unnalysis albumm, grade 2, 
was found but there were no abnormal elements m the sediment The 
excretion of phenolsulfonphthalem was 45 per cent m two hours While 
the retina was bemg exammed with the ophthalmoscope, an occulsive 
spasm of a branch of the left inferior temporal artery was observed as an 
attack of bhndness occurred m the upper nasal field The spasm and bhnd- 
ness persisted for one to two mmutes and then disappeared Four, and 
agam eight, years later the patient was exammed and was found to be m 
good health She reported that the attacks of bhndness were less frequent 
and that her general health was improved 

The probable sequence of events m this case was the development 
of eclampsia with a residual tendency to h3rpertension, artenolar 
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spasm m the retma, and recurrent arterial spasm givmg nse to the 
white fingers 

The significant fact which should be stressed is that occlusive 
arterial or artenolar spasm can occur m the retina and tissues gener 
ally for a short period and leave no demonstrable mjuty of tissue 
If, however, the spasm persists for more than a few mmutes an anemic 
mfarct results 


ESSENTIAn HYPERTENSION 

Whenever the etiology of a disease is obscure, classification or 
groupmg of cases is a difficult problem Bright struggled with the 
various clinical syndromes associated with pathologic kidnejs one 
hundred years ago, and even today the differentiation of types of 
renal disease is far from satisfactory So-called essential hyperten- 
sion IS m a similar category The most widely known classification 
IS Volhard’s “red” and “pale” hypertension which we have discussed 
in previous sections We must adimt the ments of Volhard’s basic 
conception of those two conditions, and the stimulus it has given to 
further study On the other hand, our own studies have convmced 
us that such a groupmg is not enhrelj satisfactory 

We began our joint studies of essential hypertension m 1920 Bj 
1924 we were able to report a small senes of cases, which seemed to 
form a dimcal and pathologic entity Further observation in similar 
cases, mcludmg one of a child (reported elsewhere m detail by Amberg) 
permitted us to collect m all eighty-one cases and those were reported 
m detail in 1928 The condition was termed “the syndrome of mahg- 
nant hypertension ” Manj of the cases differed from the biisartig 
hypertension of Volhard and the mahgnant nephrosclerosis of Fahr 
m that our diagnosis frequently was made before there was senous 
impairment of atinal, cerebral, cardiac and renal functions The 
retmal findings vaned in degree but certain distinct changes alwaj s 
were present The course of the disease was rapidlj progre sive and 
Its seriousness is evident from the fact that within a j car of the time 
the diagnosis i\as made, 78 per cent of the eightj-one patients had 
died 

With further study it became obvious that there iiere manj cases 
of essential hj pcrtcnsion which did not belong in this group of rapidl> 
progressive cases, nor could they be termed cases of “benign” or 
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'"simple’' hyperpiesia Gradually a group could be identified in 
which the presence of mild vasospastic retmitis was an important 
diagnostic feature The course was less rapid and remission of 
symptoms sometimes occurred We have identified another group, 
the sahent features of which are more marked hypertension and more 
distinct narro^vmg and sclerosis of the retinal artenoles than that 
encountered in the benign cases and yet there is no demonstrable 
break in retinal, cardiac or renal functions 

To avoid confusing descriptive terms the groups have been given 
numbers We have termed the usual bemgn cases as belonging to 
group 1, those with more marked hypertension, but few untoward 
symptoms and no retimtis as of group 2 , those with mild vasospastic 
retmitis as of group 3 and those with the so-called mahgnant hyper- 
tension syndrome as of group 4 

Kemohan (135), in examination of pathologic matenal obtamed 
at necropsy m our cases belonging to group 4, found that changes in 
the artenoles were often widespread throughout the body Similar 
findmgs since have been reported by Murphy and Grill (269), Scott, 
Seecof and Hill, Pilcher and Schwab, Moritz and Oldt, and Ellis ^ ^ 
For this reason it seemed that study of the artenoles m tissue obtained 
for biopsy would give mformation concernmg the penpheral arterioles 
in hfe in cases of the four groups Skeletal muscle was chosen because 
it represented a large portion of the body’s weight and was less subject 
to local disease which might involve the blood vessels The pectorahs 
major muscle was selected because of its accessibility This study 
began in 1927, and between that date and 1932 the artenoles of muscle 
from 138 patients who had hypertensive disease were examined 
Control observations revealed that the normal ratio of lumen to wall 
IS 2 0, the variation is 1 7 to 2 7 

This histologic study disclosed that m some cases the arterioles 
appeared to be normal while, in many other cases, the walls of the 
artenoles were thickened, the ratio of the diameter of the lumen to the 

*For details of the renal pathologic findings in mahgnant nephrosclerosis see (1) Fahr, 
(2) Klemperer and Otam, (3) Shapiro, and (4) Schurmann and MacMahon and (5) Cain 
(6) Russell, Dorothy S (274) 

’For details of diffuse pathology see (1) Keith, Odel, Morlock Rosenberg, and 
Kemohan, (2) Morlock, (3) Odel, (4) Rosenberg, (5) Davison and Brdl 
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thickness of the wall was definitely decreased This was most marked 
m cases of group 4 In many cases this change was uniform for all 
the artenoles seen In some, it was confined to the smallest arterioles 
and in others there were marked variations and localized changes onli 
Other changes which we have termed quahtative have been noted in 
the muscle artenoles m many cases These consist of increased prom- 
mence and tortuosity of the artenoles and an increase m the number 
and size of medial and mtimal nuclei We have obsen'ed occasion- 
ally organized thrombi, extensive mtimal piohferation, complete 
occlusion of the lumen by smiple hypertrophy of the media and 
penvascular collections of lymphocj tes and fibroblasts Pilcher and 
Schwab (196) have actuallj observed medial necrosis m the artenoles 
of voluntary muscle in a case of mahgnant hypertension, although 
we have never seen it m our matenal Thus medial necrosis has been 
found m the artenoles of voluntary muscle as well as m those of the 
kidney and other organs in mahgnant hypertension None of these 
changes has been found in the histologic sections of muscles of 
individuals with normal blood pressure Similar findings to ours have 
been noted by Scott, Seecof, and HUl (figs IS, 16, 17, 18, 19 and 20) 
Changes similar to those found in the artenoles of stnated muscle 
can be demonstrated m the artenoles of the retina (figs 21, 22, 23, 
24, 25 and 26a, and 4) 

In addition to this histologic study of the artenoles of muscle in 
138 cases belongmg to the four groups, a follow-up record was kept 
m every case up to January, 1937, or nine i ears from the time when 
the first, and five years from the time when the lost, patient was 
axammed In addition we continued to follow up the eighty-one 
cases belonging to group 4 (reported m 1928) Thus there are 
follow up records on 219 coses of all groups (table 1) In considenng 
the characteristics of the individual groups wc shall stress certain 
chmeal observations and evidence of comparative artenolar changes 
as seen m the retina bj means of the ophthalmoscope and as seen in 
the muscle when it is examined microscopicall\ 

In the present attempt to group cases of essential hypertension 
chnicallj , we realize tliat not all cases fall into one of the four groups 
mentioned There arc many patients who have this condition who 
have, m addition to artenolar dysfunction, diffuse artcnosclcrosis, 










Fig 17 Biopsy Specui£v feom pEcxoRAiis Major Muscle in v Case of Diffus 
Arteriolar Disease utth Hypertensiov of Group 4 Sbouxnc 
H^pertropev of Media 

Ratio of lumen to wall Is I 0 (hemalox>lm and eosin X47S) 



Fic 18 Biopsv Speouen frou Pectorall* Major l\ a Case or Dirrusi 

Vktejuoi-\r Djsevse wiTii H\ptRTE.\siON OF Gbolp 4 Shoutso 
NIABRED H\PLRPL,\SL\ or IsTULV AM) ifEDIA 
(Hcmatox>Un and coaln X675) 
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BIOPSV SPJEcniE-N from: Pectoeaus ilAjOR ilDSCLE I>, A Case of Diffuse 
Astehiolae Disease with Hypertensio'i of Group 4, Showing 
Orgakized Thrombosis in Lumen 


(Hematoiylin and eosia X675) 



Fig 20 Biopse Specimex from Skeixtal Muscle (Case of Dr R W Scott) in 
D utFOSE Arteriolar Disease toth Hypertension 
Two artenoles show thickening of media and narrowing of lumen (hematoxyhn and 
eosm X370) 
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Fic 21 Retina AT Nechopsy IN A Case oj Chkonic GLOiiTRULOKEPmuTis SHO\nNC 
Normal Arteriole 

Ratio of lumen to widl fa 3 S (hejnfltox>lin and coain X500) 



Fio 22 Rctin\ at Necromy ln a Case op Diffdse VaTnaioLAR Dise^vse 

UITII IISPLRTESSIOS OF GROUP 4 SlIONSTNO MpDIAL IlYPERTROpnY OF 

Vrtlriolc 

Lumen to wall ratio U 2 0 (hematoxylin and eosin X'W)) 
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more especially of the aorta and of the coronary and cerebral artenes 
Atherosclerosis of these artenes may be the determimng factor as to 
the course and prognosis With more knowledge relative to the oc- 
currence of atherosclerosis in such vital internal artenes, and with the 
aid of more accurate diagnostic methods, these cases might be grouped 
m a much more satisfactory manner than is possible at present 
Difftcse arteriolar disease with hypertension, group 1 ^ Many of the 
cases descnbed by Allbutt (9), Janeway and others (276) as cases of 



Fig 23 Retina at Necropsy in a Case of Diffuse Arteriolar Disease 
WITH Hypertension of Group 4, Showing Medial Hypertrophy 

OF Arteriole 

Lumen to wall ratio is 1 8 (hematoxylm and eosin X500) 


essential hypertension belong in this group They recognized that 
such a condition is compatible with continued good health, indeed 
some of their patients were observed for twenty years Luckily, at 
present this group of cases constitutes the great majority of those of 
hypertension A study of blood pressure for twenty-four hours in 
one of the cases seen at The Mayo Clinic demonstrated the decided 

■» We believe the important dynamic and histologic changes are m the arterioles There 
are, however, always coexisting changes of varying degree m the arteries 
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effect of rest on the hj'pertension (fig 27) The retinal changes in 
this condition are usually nunimal and consist of mild narrowing or 
mild sclerosis of the artenoles The foUoivmg case was typical of 
the group 



Fig 24 Retina at VtcROP8\ m a Case or DirrusE Arteriolar Di£e.\sl 
WTTU IlVPERTENSIOV Of GrOOP 4 SUOWINC MeOIAL HYPERTROPUY 
OF VrTERIOLE 

Lumen lo >^all ratio U 1-3 (hematoxylin and cosln X500) 

The patient, a man aged thirty eight years, was 6rst seen m 1918 At 
that visit the ocular fundi were nonnal Neither at this time nor on his 
second visit in 1924 was hv^pertension present In 1930 the man was fiftv 
>ear3 of age at which time he bad hypertension, the systolic pressure was 
210 and the diastohc, 130 He had headaches and he had noticed increased 
imlabihty for two years. The retinal arterioles were generally narrowed 
grade 1 In July, 1932, the blood pressure was taken over a period of 
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twenty-four hours His cardiac and renal functions were good The 
retinal artenoles were sclerosed, grade 1 (fig 28) The patient usually 
feels well and carnes on his regular work as a schoolmaster 




Fig 25 Retina at Necropsy (Case of Dr J S FRiEDEmvAii)), Snoimc Hyaline 
Degeneration and Thickening of Media op a Retinal Arteriole 

TABLE 1 

■ige at time of first examination 


1 

HYPERTENSION, 

GROUP 

NUMBER OP PATIENTS 

j AGE 

Male 

1 Female 

Total 

Range 

Mean 


j 



; 

^ears 

1 

7 

' 3 

10 

30-65 

55 

2 

14 

12 

26 

21-59 

41 

3 

22 

15 

37 

22-57 

42 

4 

99 

47 

146* 

8-61 

40 

Total 

142 

77 

219 

1 

1 


* Biopsy of muscle earned out in 65 cases 


Muscle was taken for biopsy m ten cases The ages of the patients 
in these cases were thirty to sixty-five (mean fifty-five) years Micro- 
scopic examination of the artenoles gave a mean ratio of lumen to wall 
of 1 7, with a vanation of 1 3 to 1 8, and disclosed definite histologic 





Fig 26 a Coiipasjson of Histologic Appeaeance of Aeteejoles of Normal 
IvDiviDOALS (Left) \vith Those of Patients uttu Diffdse Abtebiolar 
Disease and Hypertension op Group 4 (Right) 


Hcmato^lin and eosin upper Retinal artenole X500 middle Muscle arteriole 
fbiop8>) Xw and 475 lower ReniU artenole X650 and 350 & Retina at necrojpsy 

(case of Dr T S Fnedenwold) showing complete occlusion of the lumen of a retinal 
artenole by liiickenlng and h>alme degcneralion of the media. 
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Fig 27 Difflse VRTrRiOL.\R Dise^vse wnn Hipebtensios of Gbolp I 
The blood pressure was detemuned each hour for twcnl> four hours 
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lesions m one case Six patients are alive, 86 to 105 months after 
biopsy Four patients are dead, two died of coronary disease, one of 
t)^hoid fever, and one of pneumonia 



Fig 28 Photograph of Retina in a Case of Diffuse Arteriolar Disease with 

Hypertension of Group 1 

The retinal arterioles are narrowed, grade 1, and sclerosed, grade 1 
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Fig 29 Diffuse Arteriolar Disease ivith Hypertension of Group 2 
The blood pressure was determined each hour for tuenty-four hours 

Diffuse arteriolar disease with hypertension, group 2 Patients of 
this group have a contmuously higher blood pressure (fig 29) and 
more distinct changes in their retinal arterioles (figs 30 and 31) and 
muscle arterioles than those of the previous group, but they still are 
in good general health The following is such a case 
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In 1928 a woman, aged twent> three > ears, was known to have had hyper- 
tension and headaches for six months The retinal arterioles were geneiallj 
narrowed, grade 2, and were imldl> sclerotic The arterioles of the muscles, 
on histologic examination, were defimtely altered Cardiac and renal 
functions were good The patient’s health remained satisfactory for four 
years Then more serious symptoms began to develop and m 1934 the 
patient presented the temmal picture of so-called malignant hypertension 
In the ocular fundi there were diffuse retimtis with edema of the disks of 
three diopters and macular stars The woman died m August, 1934 
Necropsj was not permitted 



Fic 30 Fio 31 

Fio 30 PuoiooKAPU OF Retina (Case of Dk A J Bedeu.) Showtno Sciesosi:,, 
Gkadc 2, or Retinai, Aeierioles 

Fio 31 Photooeaph of Retina in a Case of Diffdbc Astekiolar Disease intii 
IhpERTENSION OF GROUP 2 

The retinal ortenoles arc narrowed, grade 1 to 2 and iderosed grade 3 

One’s impression of the patients in this group is that the disease is 
more progressive and has produced more severe and diffuse arteriolar 
changes than in the cases desenbed under group 1 Histologic 
studies of the muscle arterioles of twenty-six patients, aged twentj - 
one to fifty-nine (mean forty-one) years disclosed more umform and 
more marked narrowing than was evident m group 1 The mean 
ratio of lumen to wall was 1 3, ivith a vanation of 0 8 to 1 9, and defi- 
nite histologic lesions were observed m eleven cases, in three of which 
thrambosis or occlusion of artenolcs was seen Follow up data 
revealed that mne patients were ahvc 74 to 107 months later, and 
seventeen were dead It is of mterest that one of the living patients 
was first examined at the clinic m 1920 and at that time the s\ stohe 
blood pressure was 210 and the diastolic, 120, so it appears that 
patients belonging to this group mav h\ c comfortably for man> \ ears 


392 


HEITRY P WAGENER AND NORMAN M: KEITH 


Diffuse arteriolar disease with hypertension, group 3 Group 3 
includes cases in which there is marked hypertension and readily 
demonstrable, diffuse arterial changes with evidence of functional 
insufficiency of certam organs Abnormal features are most easily 
demonstrated in the retma, brain and kidneys An important cnte- 
non IS the presence of angiospastic retinitis, together with definite 
sclerotic changes in the artenoles but no edema of the disks Cardiac 
and renal functions may be adequate but usually give evidence of 
early impairment A bnef outhne of such a case follows 

A woman, m 1929, was aged thirty-five years and at that time was known 
to have had hypertension for six months Exammation of the retinal 
arterioles revealed sclerosis, grade 2, spastic in type Three years later 



Fig 32 Photograph of Retina in a Case of Diffuse Arteriolar Disease ivith 

Hypertension of Group 3 
■\rtenolosclerotic phase 

headache and pain in the legs had developed Within these three years the 
condition had changed from that of group 2 to that of group 3 Moderately 
extensive retinitis of angiospastic type was present but no edema of the 
disk (fig 32) The systohc blood pressure rose to 260 and the diastohc to 
160 (fig 33) There was albumm, grade 3, in the urme, but adequate renal 
fimction, the concentration of blood urea was 32 mg per cent There was 
no senous cardiac dysfunction 

It IS of great interest that even in cases of group 3 there may be 
remission in the activity of the pathologic process The patient feels 
better and stronger and headache or vertigo may be absent There 
IS evidence m the retina of previously active retinitis and many small 
artenoles may become obhterated In one such case a number of 
small artenoles of the retina had undergone thrombosis and on biopsy 
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the same process was seen to have taken place m some artenoles of 
the skeletal muscle One naturallj wonders if cessation of arteriolar 
spasm could be responsible for the remission 

The muscle artenoles were exammed histologically in thirty seven 
cases in which the age limits were twenty-two to fifty seven (mean 
forty two) years The ratio of lumen to wall was 1 0 to 2 0, mean 1 3, 
and defimte cellular lesions were present m ten cases, with thrombosis 
or occlusion m eight The prognosis was senous, for m seventy-mne 
to mnety months after examination, thirty four patients were dead 
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Fro 33 Ditidse Arteriol-vr Disease wrm Hypekte>Jsion of Group 3 
The blood pressure was determmed each hour for four hour* 

and only three hving One of the latter, however, seven years after 
the biopsy of muscle ivas made, is well and the blood pressure has 
been as low as 130 systohe and 90 diastohc. 

Diffuse arteriolar disease aith hypertension, group 4 All observers 
are agreed that the patients of this group are in a \ eiy senous condi- 
tion This fact IS further emphasized by our follow up study m 146 
cases In these cases, approximately 80 per cent of the patients died 
withm one year The characteristic symptoms are nervousness, 
asthenia, visual disturbances, dyspnea on exertion and noctuna 
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There may also be obvious neurologic lesions The objective findmgs 
are persistently elevated blood pressure (fig 34), diffuseness of artenal 
and arteriolar thickemng throughout the body, minimal changes m 
parenchyma of kidney (fig 35) and retmal changes The important 
retmal alterations are the marked spastic and orgamc narrowing of 
the arterioles, with diffuse retinitis and edema of the disks The fol- 
lowmg case is an example of a rapidly progressive condition 

A man, aged thirty-seven years, when first exammed in March, 1932, 
was up and about He had had hypertension for two years and headaches 
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Fig 34 Diffuse Arteriolar Disease ivith Hypertension of Group 4 
The blood pressure w as determined each hour for twenty-four hours 

for eighteen months Gross hematuria, which had appeared ten days 
before, caused him to come to the chmc Shght failure of vision had been 
noticeable for one year The appearance of the ocular fundus was typical 
of cases of group 4 The retmal artenoles gave evidence of sclerosis, grade 
3, with diffuse retimtis of angiospastic type and measurable edema of the 
disks (fig 36) Diffuse artenal disease was evident Marked albuminuria 
and gross hematuna were present The concentration of blood urea was 
38 mg per cent One month later, diffuse pain in many muscles appeared 
and then came blurring of vision of the left eye About two months after 
the patient’s first visit, the ocular fundi had not altered except that fresh 
edema had appeared in the region of the left macula The patient died 
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soon afterward from cerebral, cardiac and renal msuffiaencj The value 
for blood urea rose to 232 mg per cent The concomitant sudden failure 
of these three vital organs is further evidence of the diffuseness of the 
artenolar lesions 
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Fio 35 Kidney at Neciopsy in a CAse of Dhtdse Arteriolae Disease 
wrTn*HYP£BTENsioN OF Group 4 AND Ajlterjosclerosis 
The glomeruli arc normal (Hematoi>bn and cosin X275) 



Fig 36 Photocrapii or Retin \ in \ Case of Difflsl Autejuolar Dise-xse uttii 
Hypertension of Group 4 

Not m all cases of group 4 is the course so rapid Some patients 
even have penods \vith subsidence of the rctmitis and with chmeal 
sjraptoms uhich suggest remission Such cases belonging to group 3 
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were considered previousl}’’ Here again in group 4 spasm of the 
artenoles may determme whether the condition is progressive Such 
subsidence of severe retmitis was noted by Liebreich, who gave the 
first detailed descnption of the ophthalmoscopic findings m albumi- 
nunc retmitis in 1859 Fishberg and Oppenheimer, m 1930, reported 
m a case of mahgnant hypertension the healmg of severe retimtis with 
no recurrence over a period of four and a half years We reported a 
similar case m 1929 and since that date we have seen four additional 
cases We have observed a few cases of group 4 m which the course 
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Fig 37 Diffuse Arteriolar Disease ivith Hypertension of Group 4 
There were distinct vasospastic findings and a rapid course The blood pressure iias 
determined each hour for twenty-four hours 

was very rapid and in which there were various symptoms such as 
sudden severe headaches, hematuna and muscle pams, accompanied 
by a persistent high blood pressure (fig 37), marked narrowing of the 
retmal artenoles and absence of distmct histologic changes in the 
muscle artenoles A progressive angiospastic mechamsm seems to 
offer the best explanation Evidence is also accumulatmg that even 
when there is marked pathologic change m the artenoles, compensa- 
tory mechanisms, at present obscure, may still permit penods of 
improved tissue metabohsm 
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The artenoles of muscle obtamed by biopsy were subjected to histo- 
logic exammatiou m a senes of sixty-five cases of group 4 The age 
limits of the patients were eight to fifty eight (mean thirty eight) 
years The ratio of lumen to wall in the artenoles was 0 9 to 1 S 
(mean 1 2) , there were cellular lesions m thirty-one cases and in cigh 
teen of these there was thrombosis or occlusion of the lumen The 
prognosis was senous, only one pabent hved as long as forty months 
Seventy mne per cent were dead withm a year However, a smgle 
case of the ongmal group of eighty-one cases of group 4 was alive, 
eleven years after her first visit 

Chmcal thSerenUabon of the four groups of cases is usually not 
difficult Pabents of groups 1 and 2 necessarily must have good 
retmal, cerebral, cardiac and renal funcbon, whether the hypertension 
be labile, or high, with a tendency to fixation In cases of group 3 
there is evidence of dysfunction of one or of several of the organs 
belonging to the artenal system, while m group 4 these funcbonal 
disturbances become more definite and final failure may occur because 
of a simultaneous senous mterference m the blood supph to the 
retma, bram, heart and kidnevs A given case ma> be markedh 
progressive and pass from group 1 to group 4 m a short penod On 
the other hand, there are cases m which there is little progression over 
a penod of many years, the majonty of these belong to group 1 but a 
moderate number to group 2 and a fen to group 3 Because the 
artenoles throughout the organs of the bodj seem to be the chief 
pomt of attack and can be readily visualized onlv m the retina, the 
findmgs obtamed bv the ophthalmoscope arc very important- 

Exammabon of the ocular fundi is of considerable aid m determm 
mg the group m which an individual pabent with hypertension should 
be placed Theorebcallj , pabents who have onlj purely organic 
changes in the artenoles of the retina should belong to group I or 
group 2, while piabents who show any definite evidence of angiospasm 
(fig 38) should be placed in group 3 or group 4 Pracbcall> , it is 
often impossible to say dcfimtcl> of certam individuals, whether 
irregular narrowmgs of the retinal artenoles are acbeclj angiospastic 
or whether they are the result of previous angiospasm now qmescent 
So that, m the mam, it seems better to place such patients tentativele 
in group 2 unbl the lapse of sulfiaent tunc to determine whether or 
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not retinitis will develop For, from the ophthalmoscopic standpomt, 
the presence of an angiospastic t3^e of retimtis is the only defimte 
criterion for the mclusion of a patient m group 3 or group 4 
Patients who have only mild narrowing (mcreased tonus) or sclerosis 
of the retmal artenoles usually ivill fall into group 1 Patients 
usually are placed m group 2 if they have moderate to marked sclerosis 
of the retmal artenoles, whether of chronic type, characterized espe- 
cially by exaggeration of the artenal reflex and artenovenous compres- 
sion, or of postangiospastic type, characterized especially by general- 
ized and localized irregular narrowmg of the artenoles Thrombosis 
of the retmal veins is considered to anse either on the basis of organic 



Fig 38 Fig 39 

Fig 38 Photograph of Retima in a Case of Diffuse Arteriolar Disease with 
Hypertension (Case of Dr -t J Bedell), Showing Spasm of 
Retinal Arteriole 

Fig 39 Photograph of Retina in a Case of Diffuse Arteriolar Disease with 

Hypertension of Group 2 
There ivas recent thrombosis in a superior temporal vein 

changes alone or as the result of an infectious process (phlebitis) 
supenmposed on a mild orgamc lesion Patients with retinal venous 
thrombosis usuall)^ belong m group 2 (fig 39), although the other 
climcal and laborator}^ findings at times may justify their classification 
Yvith hypertension of group 3 Cases of retimtis of artenosclerosis 
(Foster-Moore t_vpe) usually can be placed in group 2 unless the reti- 
nitis can be shown definitely to be the residuum of a previously angio- 
spastic t>^e of retimtis The principal differentiation in many 
instances between these two tj'pes of retimtis hes in the absence, or 
the presence, of cotton-wool patches, and it must be remembered 
that such patches may have been present previously and may recur 
The defimte diagnosis of retimtis of artenosclerosis seems to us to be 



DIFFUSE ARTERIOLAR DISEASE 


399 


justihed at a single examination onlv when evidences are demonstrable 
of localized organic lesions in the arterioles or veins of a sufhaent grade 
and m the proper distnbution to account for the retinal lesions 
Patients with retimtis of angiospastic tvpe, characterized espeaalh 
bj edema, cotton wool patches and hemorrhages in the retina super 
imposed on a combination of sclerotic and spastic lesions in the 
arterioles, fall into hypertension group 3 or group 4 Patients who 
have cotton-wool patches and hemorrhagic areas in the retina, but 
whose optic disks are not edematous, usually belong to group 3 
(fig 40) The most characteristic feature of the disease m cases of 
h\'pertension of group 4 is measurable edema of the optic disks, which 
usuallj' occurs, of course, in association with the other features of 



Fic 40 Fio 41 

Fic 40 PnoTOORAPa or Retina rs t Case or Dirrusn Arteriol-th Disease witu 
Hypertension or Ghodp 3 

Flo 41 PiioTOORAPU OF Retina in a Case of Diffuse \rterioe\r Disi vse hitu 
Hypertension op Group 4 

Widespread angiospastic retinitis In some cases, howeier, other 
evidences of retinitis are stnkingly few (fig 41) The diagnosis of 
malignant hypertension (group 4) should not be made, howe\er, on 
the basis of ophthalmoscopic examination alone, in the absence of 
other clinical and laboratorj L\ndcnce, unless definite signs are pre*sent 
of sclerosis of the artcnoles which antedated the onset of the retmitis 
This resenation is made because of the occasional occurrence of 
acute angiospastic retinitis, with e-dema of the disks, in cases of acute 
vasospastic hypertension 

Cases of acute angiospastic retinitis which occur in association with 
acute Tasospastic disease with hjpertension are of particular interest, 
both to the ophthalmologist and to the internist (243) As in retinitis 
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in association with toxemia of pregnancy, the ophthalmoscopic 
picture may vary from that of locahzed areas of edema of the retina, 
with cotton-wool patches and hemorrhages, to that of the classical 
“albuminuric” type of retinitis, with edema of the disks and diffuse 
edema of the retina Also, as in toxemia of pregnancy, the retimtis 
may completely disappear under favorable circumstances, leaving 
as residuals varying grades of sclerosis of the retmal arterioles, depend- 
ing on the seventy and persistence of the underlying angiospasm 
(fig 42) The charactenstic diagnostic feature in such cases in the 
early stages of the retinitis hes in the presence of marked evidences of 
angiospasm, generalized and locahzed irregular narrowing of the 
arterioles, and absence of organic changes in the vessel walls, such as 



Fig 42 Photograph of Rettna in a Case of Vasospastic Disease wtth 
Hypertension, Showing Thrombosed Terminal Arterioles, a 
Residual of Acute Angiospastic Retinitis 

visible thickening of the wall, exaggerated reflexes and arteriovenous 
compression In the later phases of the retmitis, when organic changes 
are developmg m the walls of the artenoles, differentiation from the 
ordinary types of retimtis seen in association with hypertension of 
group 3 or group 4 may be difficult or impossible In cases in which 
there is a favorable response to treatment, however, the retimtis, even 
when measurable edema of the disks has been present, can subside 
with surpnsingly httle residual, visible, organic damage in the arte- 
riolar walls In such cases, the blood pressure may estabhsh itself at 
remarkably low levels considermg the apparent severity of the acute 
disease It is possible that some of the cases reported as examples of 
retimtis of acute nephritis really belong to this group 
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The outlook for patients who have essential hypertension affords a 
striking example of the vanabihty of the disease process The present 
senes of cases offers a good control for any specific form of therapy, as 
treatment consisted of general measures, especially with regard to diet 
and rest, and the regular use of certain sedatives If the fact is coa- 
sidered that only mneteen patients, or 9 per cent, of our entire senes 

TABLE 2 


PatienU aim 5 to 9 ytars after first esaminatton 


HYTXXTXimOJr 

GXOUT 

TOTAl. r AXCKim 

TAlOOm jUJVX 


Femala 

Toul 

1 

10 

4 

2 

6 

2 

26 

4 
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9 

3 

37 

2 

1 

3 

4 

146 

0 

1 

1* 

Total 

219 

10 

9 

19 


* Thu patient was alive 11 yean after hnt emcoumtlom 


TABLE 3 

PaiUnls dead 5 to 9 years after first examination 


HTTPnmtioif 

OKOO? 

TOTAL PAXmm 
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Mala 

Fenude 

Total 

1 

10 

3 

1 

4 

2 

26 

10 

7 

17 

3 

37 

20 

U 

34 

4 

146 

99 

46 

145 

Total 

219 

132 

6S 

200 


of 219 were ahve five to rune years after the diagnosis was made, the 
seriousness of the prognosis seems obvious But, on further analysis, 
this grave outlook is more apparent thnn real, as a disproportionate 
number of the cases belonged in group 4 There are some patients 
m each group, and as many as 35 to 60 per cent in groups 1 and 2, 
that hved for a similnr penod of five to mne years These facts 
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emphasize the significance of the ongmal groupmg, particularly from 
the prognostic standpomt, and also demonstrate that there are two 
predominating types of essential hypertension the relatively station- 
ary or bemgn and the rapidly progressive or mahgnant type (tables 
2 and 3) 


TABLE 4 


Deaths vnthin a given number of years after first examination 


YXAB3 

PER CENT 

j Group 1 

Group 2 

Group 3 

Group 4 

1 


12 

35 

79 

2 


23 

67 

88 

3 


38 

78 

94 

4 

30 

42 

78 

98 

5 

30 

46 

80 

99 


TABLE 5 


Duration of life after first examination 


HTPERXENSION, GROUP 

TOTAL PATUaiTS 

DURATION OP LIFE 

Median* 

Meant 

1 

10 

monlks 

100 0 

months 

2 

26 

63 0 


3 

37 

15 9 

27 6 

4 

146 1 

5 4 

10 5 


* The tune m months after first examination dunng which 50 per cent of the patients 
m the group have died 

t Can be calculated only for groups m which practically all of the patients have died, 
that IS, groups 3 and 4 


The prognosis for cases m group 3 and espeaally for cases m group 4, 
IS very serious Because many more males than females belong m 
these two groups, the death rate is much higher among males than 
females A death rate within one year of 35 per cent m cases of 
group 3, and of 79 per cent m cases belongmg to group 4, is m distmct 
contrast to that of 10 to 12 per cent m groups 1 and 2 The mortahty 
in cases of group 4 approaches that found m certam forms of cancer 
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(table 4) In order to emphasize the difference m prognosis m the 
mdividual groups, survival curves as employed by stabstidans were 
drawn (table 5 fig 43) The resulting curves are distinct for each 
of the four groups As might be expected, there is a gradual mcrease 
m the steepness of the curves from that of group 1 to that of group 4 
These statistical findings give further support to the conception that 
there are different types of essential hypertension 



Fio 43 SoavivAi. Cravis xon the Fooe Geodes ot Duedbc Ahteeiolui Duease 
WITH HYEEHTEHnoN 

MEDICAL TBEATMENT OF ESSENTIAL HYPERTENSION 

Since we know so httle concerning the etiology of diffuse artenolar 
disease with hypertension, methods of treatment are necessarily 
nonspecific No drug has been found which can compare in its 
benefiaal action to that of digitalis m many types of myocardial 
failure Essential hypertension is far from uniform m its course, and 
this fact makes it difficult to appraise the value of any given them 
peutic agent 

*Thc author* arc indebted to Dr J Berkjon for making the neccuaiy calculation* for 
thi* table and chart- 
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In our expenence certain measures appear to be helpful Th( 
recordmg of the blood pressure every hour throughout a twenty-fou. 
hour penod gives one mformation as to the efiect of rest and sleep oi 
the artenal system In the so-called labile type of blood pressure thi 
vanations may be considerable and, usually, the lower readmgs occu 
dunng rest and sleep Very often the patient who is free fron 
symptoms sleeps well That fact suggests the use of sedatives whei 
rest and sleep are not easily attained Chloral hydrate has a gooc 
record for helping hypertensive patients recover their former abiht) 
to sleep Repeated small doses seem to have a better effect than large] 
amounts at longer mtervals The barbiturates, phenobarbital, pento 
barbital sodium (nembutal) and sodium amytal, have proved use- 
ful The last-named drug can often be administered m repeated dose: 
by rectum with good effect The caffeme derivatives that have provec 
to be useful in certain cases of coronary disease and penpheral artena 
occlusive disturbances seem helpful in a limited number of cases o] 
essential hypertension Vasodilators, such as the nitrites and acetyl- 
chohne have only a transient depressor effect Bismuth submtratt 
has been used by Stieghtz because of the possibihty of its bemg reducec 
to mtnte m the bowel and of a small amount bemg subsequentl> 
absorbed over a considerable penod He obtamed some good resulff 
m cases that correspond to our cases of group 1 His results, however, 
have not been confirmed by Ayman (16) Actual chermcal proof of a 
certam concentration of mtnte m the blood and a corresponding 
lowenng of blood pressure would add strength to Stieghtz’s claimSj 
but so far such a relationship has not been conclusively demonstrated 
Sodium and potassium sulfocyanate were mtroduced mto the treat- 
ment of hypertension by Pauh m 1903 Others have confirmed his 
results, paticularly Westphal and Gager, stdl other workers, however, 
have obtamed no contmued benefit Senous toxic reactions, mcludmg 
severe skm lesions, have been reported (187) Barker has observed 
m several cases a significant decrease m levels of blood pressure to- 
gether with symptomatic rehef when the dosage was gauged by the 
level of cyanate m the blood He found the optimal concentration 
for blood cyanates to effect a reduction in pressure to be 10 to 15 mg , 
and that toxic manifestations and vascular collapse have occurred at 
a level of approximately 50 mg per 100 c c Further observation of 
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patients over a period ^of years is necessary to prove the efficacy of 
sulfocyanate in substantially reducing hypertension without causing 
toxic reactions 

Certain physiotherapeutic measures have been advocated for 
lowermg an increased blood pressure These include high frequency 
current, chathermy, sweating procedures, and exposure to deep roent- 
gen rays or rachum None of these has as yet been proved to cause a 
permanent decrease m hypertension At The Mayo Clinic, Desjar- 
dins has subjected several patients belonging to groups 3 and 4 to 
roentgen therapy through paravertebral fields along the entire spine 
One such patient appeared to be temporarily benefited but subse- 
quently ran a dow nhill course and (bed In one case, at necropsy, the 
kidneys showed evidence of diffuse and chrome hemorrhagic changes 
unlike those ordmanly seen m cxises of this kind At the time the 
possibflity that their pecuhar appearance might be due to irradiation 
was considered, but clear evidence of such a relationship could not be 
obtamed. 

The severe headaches, so troublesome m a considerable number of 
these cases, can sometimes be reheved by repeated dramage of the 
spinal flmd by means of spinal puncture A stnkmg result was ob- 
tained m one of our cases of hypertension after dramage of the spmal 
canal, three to four times withm a week. The patient returned two 
years later and reported that he had been free from headache during 
the mterval When spmal drainage is ineffectual, headache can some- 
times be alleviated by the use of bypertomc sugar solutions adnun- 
istered mtravenously, such as glucose and sucrose We have also 
found these hypertomc sugar solutions to be more effectual m some 
cases when acacia is added to a concentration of 3 per cent The 
mtravenous use of such solutions has also sometimes resulted m a 
decrease m the neuroretinal edema of patients belongmg to group 4 

Certain general measures appear to be benefiaal, particularly m 
the treatment of patients of groups 1, 2 and 3 These measures 
include moderation in the amount and kmd of food ingested, regular 
hours of sleep, mcludmg a short midday siesta, and a daily wann bath 
The use of graduated outdoor exerascs, such os was advocated by 
Oertel m 1884 m the treatment of cardiac disease, seems to us to apply 
to some cases of diffuse artenolar disease with hypertension In 
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certain cases we, therefore, advise the equivalent of approximately two 
to three miles (3 2 to 4 5 km ) of walking daily 

There is as yet no satisfactory treatment for rapidly progressive 
diffuse artenolar disease with hypertension Control of certam 
nervous reflex mechamsms m which the sympathetic system is m- 
volved seems to offer an approach to this difficult problem No 
satisfactory drug has been discovered which will produce such an 
effect Recently, surgical operations on the S 5 anpathetic nervous 
system were devised with such an objective m view 

OPERATIONS ON THE SYMPATHETIC NERVES EOR 
THE TREATMENT OP HYPERTENSION 

Adson and Allen (3, 4, 5) have stated that “There appear to be 
two factors m the elevation of blood pressure in hypertension (1) the 
inherent status of the arterioles and (2) abnormal reaction of the 
arterioles to vasomotor stimuh ” In the earher phases of essential 
hypertensive disease, or m those cases m which there are wide fluctua- 
tions of blood pressure, abnormal vasomotor response is probably the 
dommant factor In the later phases of the disease, or m those cases 
m which the blood pressure remains at an essentially fixed high level, 
the inherent status of the artenoles is altered, apparently m part, at 
least, through orgamc changes m the waffs of the artenoles, which 
may result fron long contmued mcreased vasomotor response The 
source of the vasomotor stimuh is not defimtely known, but they seem 
to be transmitted to the artenoles through the medium of the sympa- 
thetic nerves Section of the sympathetic trunks leadmg to vanous 
organs or extremities prevents the transimssion of these stimuli to 
the artenoles under this control The rationale of the surgical ap- 
proach to the treatment of essential hypertension hes m the presump- 
tive value of mterruptmg vasomotor stimuh to vanous artenolar beds 

The selection of the nerves or trunks to be sectioned vaned consider- 
ably m the early phases of surgery for hypertension dependmg upon 
the individual investigator’s conception of the probable cause of 
h 3 q)ertensive disease Thus Cnle denervated the suprarenal glands 
because he felt that an mcreased secretion of epmephnne was the 
primary cause of hypertension A temporary drop m blood pressure 
resulted, but no permanent effect on the course of the disease was 
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noted. More recently lie has been removing the cehac ganghon with 
apparently better results Because of the large vascular bed m the 
abdominal organs, with its recognized influence through relaxation 
and constriction upon the mamtenance of normal artenal pressure, 
resection of the splanchmc nerves for the treatment of hypertension 
was suggested m 1923 by Damfilopolu and m 1924 by Brttnmg and 
Stahl, and m 1925 by Pende In 1925, Adson (6) performed gangh- 
onectomy and trunk resection of the second, third and fourth lumbar 
gangha on both sides m one case with the idea of producmg a wider 
vascular bed m the lower extremities Results, from the standpomt 
of lowermg the blood pressure and controUmg the disease, were not 
satisfactory In this year, also, Adson performed unilateral cemco- 
thoraac sympathectomy and trunk resection m a case of mahgnant 
hypertension with marked retinitis No effect could be observed on 
the course of the retmitis 

In 1930, Adson (6) first performed rhizotomy of the ventral roots on 
both sides, from the sixth thoraac to the second lumbar segments, for 
essential hypertension, with excellent immediate results and more or 
less permanent reduction of the levels of blood pressure About 
thirty such operations were performed The effects of this operation 
on the hypertension were satisfactory m a considerable percentage of 
cases, but the ojieration required a long penod of convalescence and 
was not imiversally apphcable, smce it was likely to be disablmg m its 
after-effects m cases m which patients were engaged m more or less 
strenuous occupations 

Some type of splanchmc resechon has become the method of choice 
at present for the surgical treatment of hypertension The subdia- 
phragmatic approach of Adson and Craig would seem to be the prefer- 
able procedure since it not only makes possible resection of all three 
splanchmc nerves, but also complete removal of the first and second 
lumbar gangha and partial removal of the cehac ganghon, thus produc- 
mg vasomotor paralysis of a large artenolar bed This method of 
approach also permits mspection of the suprarenal glands and their 
partial removal if this seems mdicated 

According to Trahck and Pcet, who tended to accept the eipen- 
mental work of Goldblatt (88, 89) m the production of fajpiertcnsion bj 
constnetmg the renal artenes, the most important effect of splanchnic 
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resection is m the rehef of renal vasoconstriction Adson and Allen 
(3, 4, 5) added that the improvement m the circulation through the 
kidneys may “aid m the elimination of metabohc products which, if 
present and retamed as a result of disease of the kidneys, rmght 
perhaps produce pressor effects on the arterial tone ” It would 
seem more hkely, however, that the mam effect obtamed by the 
operation is the provision of a “reservoir m the denervated vascular 
area” when the imdenervated vessels go mto spasm, smce Adson and 
Allen stated “Our experiences have shown that the best surgical 
results have been obtamed when the operation has been extensive and 
a large vascular area has been denervated ” The importance of this 
factor has been emphasized also by Frahck and Peet The accom- 
pan3nng denervation of the suprarenal glands should also prevent 
then: reception of central influences, and the consequent dumpmg of 
epmephrme mto the arculation imder emotional stress Interestmg 
evidence of the effect on the circulation produced by loss of vasomotor 
control m the splanchnic area is the marked faU m blood pressure, 
accompamed by tachycardia, which occurs when the patient assumes 
an upnght position This is particularly noticeable durmg the period 
of convalescence, and it can be compensated for by the wearmg of a 
tight-fittmg corset 

In 1934, the DeCourcys and Thuss (58, 59) presented their reasons 
for thinking that essential hypertension is caused by hyperplasia of 
the suprarenal glands, and they reported satisfactory results m six 
cases followmg removal of about two-thirds of each gland One 
patient was blmd m the right eye as a result of hemorrhage mto the 
retina The vision returned to normal followmg the operation 
The authors stated that the diastohc pressure usually remamed below 
100 mm of mercury postoperatively However, at the time of their 
report their cases had been followed for short periods only In two 
of their SIX cases, a small pleochrome tumor was found m a suprarenal 
gland 

The three largest senes of cases m which patients were operated on 
for the rehef of essential hypertension m this country on which reports 
are available are those of Frahck and Peet, Page and Heuer, (183, 
184) and Adson, Craig, Brown and AUen It is of mterest m these 
senes that a greater percentage of symptomatic than objective im- 
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provement was noted The relief of headache is espeaally striking 
Frahck and Feet reported the results for thirty-six of ninety operative 
cases studied from five to twenty-two months after operation In 
five cases the blood pressure remamed normal, m eighteen the blood 
pressure was appreaably lowered, and in thirteen the blood pressure 
remamed at its preoperative level A retimtis of the mahgnant 
hypertension type had resolved in two cases of the group m which the 
blood pressure had returned to normal, and an angiospastic retmitis 
had resolved m another case The retmal changes showed improve- 
ment m only three of the eighteen cases m which the blood pressure was 
lowered and m only one of those m which the blood pressure was not 
lowered by the operation Apparently, all types of cases were ac- 
cepted for operation m this senes except those with marked renal 
insuffi ciency 

In 1935, Page and Heuer reported the results of sectiomng the an- 
tenor roots from the sixth thoraac to the second lumbar segment in a 
case of essential hypertension The patient was a twenty-three year 
old woman whose blood pressure was 200 mm of mercury systohc 
and 140 mm diastohc FoUowmg operation the blood pressure re- 
mamed at almost normal levels for seven months, seldom nsing above 
160 systohc In another case they performed bilateral denervation 
of the kidneys of a woman twenty-five years of age whose blood pres- 
sure was 200 systohc and 140 diastohc No significant fall m blood 
pressure occurred Page and Heuer thought that this expenence 
made it doubtful that the nervous mechanism of the kidneys plays 
any r61e as a general rule, in the genesis of essential hypertension 

In a pajier presented before the Academy of Mcdiane of Toronto m 
November, 1936, Heuer m assoaation with Page, reported the results 
of twenty seven operations on the sympathetic nerves for the rehef 
of hypertension In mne cases, supradiaphragmatic resection of the 
major and mmor splanchnic nerves combined with excision of the 
lower thoraac sympathetic gangha was performed Seven of the 
mne patients had mild bcmgn hypertension, two mahgnant hyper- 
tension In all cases the blood pressure promptly rose to its pre- 
operative level and for periods of six months to a year conUnued at 
this level or became more elevated In eighteen cases, the anterior 
roots from the sixth thoraac to the second lumbar spmol nerves were 
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sectioned on both sides According to Heuer, the results of this 
operation were mucb more satisfactory In fourteen cases, the 
immediate postoperative fall m blood pressure persisted for from one 
to two years, m four cases the blood pressure returned to its pre- 
operative level m from five to six months Four of five cases (80 
per cent) of mild or moderately severe hypertension showed a satis- 
factory reduction m blood pressure averagmg 24 per cent Of thirteen 
cases of severe and mahgnant hypertension, four (30 per cent) showed 
a fairly satisfactory fall m blood pressure (averagmg 20 per cent), 
five (38 per cent) showed a less satisfactory drop m blood pressure 
(averagmg 12 per cent) and four (30 per cent) faded to show any 
permanent reduction m blood pressure In none of the cases m this 
senes did the blood pressure return to normal levels 
Heuer stated that, m this senes, “morbid changes m the eyegrounds 
when present before operation qmte generally disappeared (109, 271) 
Relaxation of constncted retmal vessek, absorption of exudates and 
hemorrhages and reduction m the grade, or disappearance of the papd- 
ledema, were noted, not in all, but m many mstances ” He stated 
also that tbe enlarged heart decreased m size m a number of cases 
and that renal function was not changed as a result of the operation 
In summary Heuer stated that “Patients whose disease is bemgn 
without advanced morbid changes and young patients exhibitmg 
signs of the hypertensive diencephahc syndrome are fairly certam 
to be greatly benefited by operation, patients witb benign hyperten- 
sion of long standmg with marked arterial thickenmg form a more 
imcertam group from the viewpomt of results, whde patients with 
mahgnant hypertension form a very imcertam group m whom the 
outcome of operation cannot at present accurately be predicted ” 
Adson and Allen (5) have stated “The operation (splanchmc 
sympathectomy) is most effective when apphed to young mdividuals 
who have a progressive vasospastic type of hypertension, whose blood 
pressure rises markedly when the hands are immersed m cold water 
and who obtam a marked faU m blood pressure when pentothal 
sodium, amytal and nitrites are admimstered As a rule the patient 
must be less than forty years of age and his hypertension must be 
classed as of group 2 or 3 ” In general, the objective effects of the 
operation are that sudden and abrupt peaks of blood pressure will not 
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occur, the cold pressor tests produce lower levels of blood pressure, and 
the mean levels of blood pressure are lower In the first senes of cases 
reported by Adson, Craig and Brown m 1935, patients with all t3'pes 
of hypertension, mcludmg mahgnant hypertension, were operated on 
Of twenty-seven cases m which extensive rhizotomy was earned out, 
the results were classified as good in thirteen cases, fair m six, and 
failure in six, with two postoperative deaths Of forty-three cases, 
mcludmg rhizotoimes, splanchnic resections and other types of opera 
tion on the sympathetic nerves, the results were classed as good m 
twenty cases, fair m nme and as failures m fourteen The highest 
percentage of good results, five of seven cases, occurred m the group 
operated on by the subdiaphragmatic splanchnic technic mentioned 
previously In the more recent senes reported by Adson and Allen (5) 
of thirty-one patients operated on by this technic, the degree of 
reduction of blood pressure was classed as excellent m nme cases, 
good m eight, fair to poor in eight and as failures m six General 
clmical results were good or excellent m twenty four cases This 
group does not mclude cases of mahgnant hypertension 

In general comment on the results of splanchmc sympathectomy, 
Adson and Allen stated “The operation of splanchmc resection and 
removal of lumbar ganghons reduces the blood pressure and may 
cause disappearance of retmitis, may cause the mverted T-waves m 
the electrocardiogram to become upright, may decrease the size of 
the heart, may brmg about a disappearance of the albunun from the 
urme and may reheve the symptoms resultmg from hyperten- 
sion It IS also our opinion that the operative measures are most 
effective when apphed to younger patients who are m the early stages 
of the disease, then vasospastic phenomena are readily demonstrable 
and irreparable damage has not been done to the cardiovascular 
renal system ” 

This last statement is borne out by our cipenence with the retinal 
changes m patients who have been operated on by those various 
techmes We have not observed any visible change m defimtely 
orgamc lesions m the artenoles On the other hand, angiospasUc 
narrowmgs have been seen to become less marked or to disappiear 
dunng convalescence, and angiospastic retmitis has subsided and has 
remained absent for at least a year (oUowmg operation The course 
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of localized venous thrombosis has not been influenced by surgery 
of the sympathetic nervous system Close observation of these 
cases has given some dues to the differentiation of spastic and orgamc 
artenolar lesions It is apparent that if definite differentiation of these 
two conditions could be made with reasonable certamty m all cases, 
ophthalmoscopic exarmnation would furnish a more valuable gmde 
than it does at present m the selection of suitable cases for operation 
Patients with retimtis of group 3 hypertension (angiospastic retimtis 
without edema of the disks) show a defimtely better response to op- 
eration than do those with retmitis of group 4 hypertension (angio- 
spastic retmitis with edema of the disks), although the postoperative 
course of the retimtis itself is about the same m the two groups Thus 
of seven patients with retimtis of group 4 hypertension, the retmitis 
deared up entirely m one case, was improved m three and was un- 
changed m three, and of twelve patients with retmitis of group 3 hyper- 
tension, the retimtis deared up entirely m two cases, was improved 
m four, and was unchanged m five, and recurred shortly after opera- 
tion m one However, of the group of seven patients with hyper- 
tension of group 4, three (43 per cent) had died withm six months 
after operation, while of the group of twelve patients with hyperten- 
sion of group 3, two (16 per cent) had died within rune months after the 
operation These statistics were based on the results m the first senes 
of cases reported by Adson, Craig and Brown A similar percentage 
of improvement in cases of retmitis of group 3 hypertension (ap- 
proximately 50 per cent) has been noted m the later senes of cases 
It should be noted that, m a few cases, retmitis has shown an exacerba- 
tion m the immediate postoperative course or has appeared m cases 
m which angiospastic lesions were present without retmitis pnor to 
operation These exacerbations were always transient m character 
The reason for this exacerbation or appearance of retmitis is not 
dear The most logical explanation would seem to be that operations 
for hypertension hasten recovery m cases of retmitis which are m the 
recedmg phase, and are not immediately successful m altermg the 
course of retmitis which is m its mitial or nsmg phase 
In general summary of the mdications for surgery on the sympa- 
thetic nervous system m cases of hypertensive disease, Adson and 
Allen said “Most patients who have hj^pertension, group 1, do not 
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require surgical treatment Surgical treatment is advisable for 
patients who have hypertension, group 2 and group 3, if the hyper- 
tension is known to be progressive, if the function of the heart and 
kidneys is good and if the value of the blood pressures become normal 
or approximately normal as a result of rest or sleep, or foUoiving the 
mtravenous mjection of pentothal sodium, or foUowmg the admmistra- 
tion of sodium amytal or the mtntes Hvpertension, group 4, does 
not respond satisfactonly to surgical treatment ” Smce it is not 
always possible to distmgmsh surely between the acute angiospastic 
retimtis with edema of the disks seen m patients with acute vaso- 
spastic hypertensive disease and that occurrmg m patients with 
hypertension of group 4 (mahgnant hypertension) it would seem worth 
while to detenmne the effects of surgery in a group of ophthalmoscopi- 
cally doubtful cases m which the history suggests the possibihty of an 
acute angiospastic episode rather than fixed progressive hypertension 
It IS now planned to perform splanchmc sympathectomy m such a 
group of cases 

SUMUAEV 

Smce m the normal individual the volume and viscosity of the blood 
remam essentially constant, the general blood pressure is mamtamed 
at an average normal level through a rather dehcate adjustment of 
the penpheral vascular bed as a whole to variations m demands for 
blood flow in local regions This adjustment is accomplished mainly 
through regulation of the caliber or tone of the artenoles Dilatation 
or contraction of the artenoles is accomplished, at least partially or 
at times, through the sympathetic vasomotor nerves, which are under 
the control of the vasomotor centers in the brain stem and also through 
reflex mechanisms within the vascular system itself, onginating par- 
ticularly m the carotid smus and m the aorta Probably also the 
caliber of the artenoles can be altered through an inherent mechanism 
in their walls mthout the necessary intervention of the sympathetic 
vasomotor nerves 

A pathologic elevation of blood pressure can arise from an mcrcase 
m the volume or viscositj of the arculating blood or from increased 
cardiac output These factors arc found to be normal, however, in 
most cases of so-called essential hypertension The nsc of blood 
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of localized venous tliroinbosis has not been influenced by surgery 
of the sympathetic nervous system Close observation of these 
cases has given some clues to the differentiation of spastic and organic 
artenoiar lesions It is apparent that if defimte differentiation of these 
two conditions could be made with reasonable certamty m all cases, 
ophthalmoscopic exammation would furmsh a more valuable gmde 
than it does at present m the selection of suitable cases for operation 
Patients with retimtis of group 3 hypertension (angiospastic retmitis 
without edema of the disks) show a defimtely better response to op- 
eration than do those with retimtis of group 4 hypertension (angio- 
spastic retmitis with edema of the disks), although the postoperative 
course of the retmitis itself is about the same m the two groups Thus 
of seven patients with retmitis of group 4 h 3 ^ertension, the retmitis 
cleared up entirely m one case, was improved m three and was un- 
changed m three, and of twelve patients with retimtis of group 3 h)^er- 
tension, the retimtis cleared up entirely m two cases, was improved 
m four, and was unchanged m five, and recurred shortly after opera- 
tion m one However, of the group of seven patients with hyper- 
tension of group 4, three (43 per cent) had died within six months 
after operation, while of the group of twelve patients with hyperten- 
sion of group 3, two (16 per cent) had died withm mne months after the 
operation These statistics were based on the results m the first senes 
of cases reported by Adson, Craig and Brown A s imil ar percentage 
of improvement m cases of retmitis of group 3 hypertension (ap- 
proximately 50 per cent) has been noted m the later senes of cases 
It should be noted that, m a few cases, retmitis has shown an exacerba- 
tion m the immediate postoperative course or has appeared m cases 
m which angiospastic lesions were present without retmitis pnor to 
operation These exacerbations were always transient m character 
The reason for this exacerbation or appearance of retmitis is not 
clear The most logical explanation would seem to be that operations 
for hypertension hasten recovery m cases of retimtis which are m the 
recedmg phase, and are not immediately successful m altermg the 
course of retmitis which is m its mitial or nsmg phase 
In general summary of the mdications for surgery on the sympa- 
thetic nervous system m cases of hypertensive disease, Adson and 
Aden said “Most patients who have h)pertension, group 1, do not 
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require surgical treatment Surgical treatment is advisable fc 
patients who have hypertension, group 2 and group 3, if the hype: 
tension is known to be progressive, if the function of the heart an 
kidneys is good and if the value of the blood pressures become normi 
or approximately normal as a result of rest or sleep, or following ti 
mtravenous mjecUon of pentothal sodium, or foUowmg the administn 
tion of sodium amytal or the mtntes Hypertension, group 4, doi 
not respond satisfactorily to surgical treatment " Smee it is nc 
always possible to distmguish surely between the acute angiospasti 
retimtis ivith edema of the disks seen m patients with acute vase 
spastic hypertensive disease and that occuxrmg m patients wit 
hypertension of group 4 (mahgnant hypertension) it would seem wort 
while to detenmne the effects of surgery m a group of ophthalmoscop 
colly doubtful cases in which the history suggests the possibihty of a 
acute angiospastic episode rather than fixed progressive hypertensioi 
It IS now planned to perform splanchnic sympathectomy in such 
group of cases 

StIlIlIARA 

Smee m the normal individual the volume and viscosity of the bloo 
remam essentially constant, the general blood pressure is mamtame 
at an average normal level through a rather dehcate adjustment c 
the peripheral vascular bed as a whole to variations m demands fo 
blood flow in local regions This adjustment is accomphshed maml 
through regulation of the cahber or tone of the artenoles Dilatatio 
or contraction of the artenoles is accomphshed, at least partially o 
at times, through the sympathetic vasomotor nerves, which are unde 
the control of the vasomotor centers m the brain stem and also throug 
reflex mechanisms within the vascular system itself, onginating pai 
ticularly m the carotid sinus and m the aorta Probably also th 
caliber of the artenoles can be altered through an inherent mcchamsn 
in their walls without the necessary intervention of the sympatheti 
vasomotor nerves 

A pathologic elevation of blood pressure can arise from an mcreas 
m the volume or viscosity of the arcuiating blood or from mcrcasci 
cardiac output These factors are found to be normal, however, ii 
most cases of so-called essential hypertension The nse of blooi 
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pressure in these cases depends apparently on the increased resistance 
to blood flow in the penphery caused by a reduction m the capaaty 
of the general arteriolar bed In the early phases of the disease, at 
least, this reduction m capaaty is the result of functional contraction 
of the arterioles rather than of structural changes in their walls, with a 
consequent decrease in lumen Whether this contraction of the 
artenoles is due to maeased stimulation of the sympathetic vasomotor 
nerves or to the direct action of a chemical or hormonal substance on 
the walls of the artenoles has not as yet been definitely demonstrated 
The results of the cold test of Hines and Brown on hypertensive and 
prehypertensive mdividuals seemingly mdicate an maeased sensitivity 
of the artenoles to sympathetic vasomotor stimuh, which h)q)er- 
sensitivity may be inhented However, the experimental studies of 
Pickenng, Prinzmetal and Wilson, and of Goldblatt, pomt rather to 
a direct contractile response of the artenoles to some substance or 
factor m the arculatmg blood without the mtervention of the sym- 
pathetic vasomotor nerves When functional contraction of the 
artenoles persists or recurs at mtervals for an mdetermmate penod, 
which vanes considerably m different individuals, structural thicken- 
mg of the walls of the artenoles is added apparently to the functional 
contraction as a factor m reducmg the capaaty of the artenolar bed 
This anatomic change m the walls of the artenoles, which is primarily 
a hypertrophy of the media, is observed most frequently or con- 
stantly m the artenoles of the kidney, but it is by no means confined 
to the kidney and it may be observed m many other organs and 
tissues such as the voluntary muscles, hver, capsule of the adrenal, 
pancreas, mtestmal waU, bram, retma and choroid It has been 
suggested that the anatomic lesions m the artenoles of the kidney are 
the pnmary site of ongm of the disease syndrome of hypertension 
No direct proof of this theory, however, is available In the more 
rapidly advanang forms of hypertension, lesions are present also m 
the mtimal endothehum of the smaller artenoles It has been sug- 
gested that the presence of endothehal proliferation and mtimal 
necrosis is the essential factor m determining the mahgnant course of 
the disease On the other hand, however, these changes m the endo- 
thehum may be simply the response to more severe and persistent 
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functional constnction or spasm of the distal arterioles themselves 
or of the larger, more central artenoles 
From the clmical standpomt, elevation of blood pressure occurs in 
cases m which there is obviously a primary lesion of the kidneys and 
also m cases m which no primary or secondary renal lesion can be 
demonstrated In both these types of disease, the nse of blood pres- 
sure may occur acutely In both, also, when the onset of hyper- 
tension is acute, there is often a tendency toward recovery The 
blood pressure may return to normal or essentially so with httle 
residual evidence of damage to the cardiovascular system Such acute 
elevation of blood pressure may occur both m the acute, and more 
rarely m the chrome, cases of glomerulonephntis In acute glomerulo- 
nephritis, hypertension may be very transitory and may be accom- 
pamed or followed by shght, if any, demonstrable damage to the 
artenoles In chrome glomerulonephntis, the rapid onset of hyper- 
tension often ushers m the termmal phase of the disease, probably by 
mtensifymg the ischemia of the glomeruli It is possible, however, 
for at least temporary recovery to occur m such cases The occurrence 
of and recovery from such episodes can be observed m the retina m 
the form of acute angiospastic retmitis When the blood pressure 
remains constantly and progressively elevated m chrome glomenilo- 
nephntis, it can be demonstrated both m the retma and elsewhere 
that a diffuse lesion of the artenoles is present which does not differ 
m any essential way from the diffuse artenolar disease which is the 
charactenstic feature of hypertension without demonstrable disease 
of the kidneys 

An acute or rapid onset of elevated blood pressure simulatmg that 
occumng m acute nephntis can be observed both m the hypertensive 
toxemias of pregnancy and m the acute vasospastic hypertensions of 
previously normal mdividuals In either of these two types it is 
possible for complete recovery to occur In the majonty of such cases 
m the nonpregnant, however, and in some of the cases assoaated wth 
pregnancy, a certain amount of anatomic damage remains m the walls 
of the artenoles and hypertension persists m a more chrome and less 
progressive form The acute angiospastic lesions occumng in the 
retina of patients m these two groups are espcaally noteworthy 
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In hypertension of the so-called essential type, two large groups 
of cases are readily differentiated and their existence is now quite 
generally accepted The “benign,” essentially nonprogressive hyper- 
tension, or hyperpiesia of Clifford Allbutt, was the first to be recognized 
and constitutes perhaps the largest group of cases of chnical hyper- 
tension The rapidly progressive or “mahgnant” hypertension has 
also been quite clearly defined and differentiated from the terminal 
phases of chrome glomerulonephritis which it simulates m some 
cases In “bemgn” hypertension the retmal lesions are confined to 
the artenoles and are relatively minimal m degree In “mahgnant” 
hypertension, angiospastic (“albuminunc”) retmitis with edema of 
the disks is mvanably present Between these two extremes, how- 
ever, exist cases m which severe structural changes m the walls of 
the arterioles or the recurrence of mild angiospastic episodes can be 
demonstrated especially by the lesions m the retina The presence 
of either of these factors makes the prognosis for the life of the patient 
more serious than m the “benign” group, though less serious than m 
the “mahgnant” group It seems possible, therefore, from the stand- 
pomt of prognosis at least, to divide cases of “essential hypertension” 
mto four groups, for the present best designated by numbers mstead 
of names In the first two groups the lesion m the artenoles is 
essentially anatomic, perhaps residual to previous angiospastic epi- 
sodes or else evolvmg as the result of long-contmued mcrease m 
artenolar tonus without active angiospastic episodes In the last two 
groups, the essential lesion in the artenoles is active spastic constne- 
tion superimposed either on mcreased arteriolar tonus or on anatomic 
thickemng of the walls of the artenoles, or on both Whether the 
disease runs a truly “mahgnant” or a somewhat less rapid course 
would seem to depend on the diffuseness or persistence rather than 
simply on the degree of the angiospasm, on the possibility of ehmma- 
tion of the causative spastic agent, and to a certain extent on the 
adaptabihty of the vascular system of the individual To date no 
form of therapy has proved very efl&aent m the control of the more 
progressive forms of hypertensive disease From the medical stand- 
pomt, judicious regulation of rest, exercise and sedation have proved 
seemmgly to be as successful as any of the so-called specific drugs 
Vanous types of surgical operations on the sympathetic system, par- 



fitfitrSE AHfEglOtAK DISEASE 


417 


bcularly splanchnic resection, have been found to lower blood pres- 
sure at least for certain penods But, as m the case of medical 
therapy, surgery has obtamed its best results m the milder or more 
chrome cases. It has not been demonstrated as yet that surgical 
mtervention can essentially alter the course and prognosis m cases 
of hypertensive disease of the more rapidly progressive or mahgnant 
type 
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PROPERTIES OF VIRUSES* 

W II STANLEY 

Tit EiKitfdltT Insltlutt far iTetUcaS Roearch Prtncctan, N J 

The word “virus” was ongmally used only m the singular and meant 
a poison such as snake venom Later, with the establishment of a 
difierence between poisons and infectious agents, the word virus was 
usually used only m connection with the latter entities However, 
following Beijermck's confirmation m 1898 of Iwanowski’s earher 
observation that the juice of mosaic-diseased plants remamed infec- 
tious after bemg passed through a Chamberland filter and his realiza- 
tion that the mfectious entity differed from ordmary bactena, the 
word virus was apphed only to those mfectious agents capable of 
passing filters that retamed ordmary bactena With time, difficul- 
ties arose, for bactena like entities, such as the pleuro-pneumonia 
organism, were found to pass filters which retamed agents which 
appeared to be viruses For a short penod of time the word virus 
was used m connection with such filter-passmg organisms, but withm 
the past few years there has been a further narrowmg of the definition 
so that recently properties ascnbed to viruses mcluded not only their 
abihty to pass fine membranes but also a set of general properties 
which emphasized espeaally the mtimate relationship that emsta 
between viruses and then host cells These mclude the fact that 
viruses reproduce, but do so only withm certam hvmg cells, the fact 
that dunng reproduction they may change or mutate, or that they 
may be caused to change or mutate, the fact that many virus-mfected 
cells contam mclusion bodies, and the fact that most, but not all, 
virus diseases are followed by a iastmg immumty m recovered hosts 
It should be emphasized that viruses have been desenbed almost 
entirely m terms of their biological activity They were first recog- 
nized and contmue to be recognized only by means of this activity 

* Presented at one of the general sosloiu of the Third latematlonAl Congress for 
hlkroblology, New Yori, N Y , September 2-S, 1939 
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Until recently, but little work had been done on the chemical and 
physical properties of viruses and their general nature was qmte 
unknown An element of mystery tended to surround them, for they 
were regarded as different sorts of infectious disease-producmg prm- 
ciples and, with the exception of certam viruses of the elementary 
body type, attempts to isolate a virus m tangible form had resulted 
m failure 

However, three years ago at the Congress m London, I reported 
the isolation from mosaic-diseased Turkish tobacco and tomato plants 
of a high molecular weight crystalhne protem possessmg the properties 
of tobacco mosaic virus, and of two additional crystalline proteins 
of high molecular weight possessmg, respectively, the properties of a 
masked and of a yellow stram of tobacco mosaic virus Because of 
the widespread doubt concermng the significance of these matenals, 
but more espeaally m order to emphasize their protem nature, they 
were referred to at the tune as virus protems although, as will be 
pomted out m a few moments, there now appears to be ample reason 
to refer to them merely as viruses The isolation of the high molec- 
ular weight materials was immediately confirmed m several labora- 
tories and was soon followed by the isolation by the same or similar 
chemical methods or by means of differential centrifugation of over 
20 similar high molecular weight materials possessmg some of the 
properties of the respective viruses or virus strams Of these, Baw- 
den and Pine have isolated enation mosaic virus, which is a stram of 
tobacco mosaic virus, cucumber mosaic viruses 3 and 4, which are also 
related to tobacco mosaic virus, potato Y virus, and the very mterest- 
mg bushy stunt of tomato virus, Wyckoff and I have isolated the 
tobacco rmg spot, severe etch, cucumber mosaic 1, and latent mosaic 
viruses, the latter of which has been studied more extensively by Lor- 
ing and by Bawden and Puie Beard and Wyckoff obtamed the 
Shope papdloma virus, Wyckoff the equme encephahtis virus, Schle- 
smger a coh bacteriophage, Northrop a staphylococcus bactenophage, 
and Claude the Rous sarcoma virus as matenals of high molecular 
weight Recently Pine, Smith, Spooner, and McClement isolated 
tobacco necrosis virus and Janssen the foot-and-mouth disease virus 
m the form of heavy nucleoprotems Reports of the isolation or the 
presence of matenal of high molecular weight m preparations of still 
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other viruses are being made from tune to time For example, other 
than additional work on some of the viruses just mentioned, dunng 
this Congress Bauer and Pickels have reported on yellow fever virus, 
Clark on pohomyehtis virus, and Furth and Kabat and Pentunalh 
on fowl leukerma virus 

Now, It may be well to pause a moment and examme critically the 
status of the work with these different matenals of high molecular 
weight In every instance the preparations not only have possessed 
virus activity but have had an activity greatly mcreased over that of 
the startmg material In every instance, therefore, concentration of 
the virus has been achieved However, are we justified m assuming 
that the maximum concentration has been achieved m every instance, 
that IS to say, that the different preparations are essentially homogene- 
ous and hence represent the different viruses m an essentially pure 
condition? At the present tune the answer must be m the negative, 
for m some mstances the only entenon of piunty has been the fact 
that the active agent could be sedimented m a high speed centnfuge, 
and m other mstances that the active material was homogeneous m 
the Svedberg centnfuge or m the Tischus electrophoresis apparatus 
As you know, it is difficidt, if not impossible, to prove conclusively 
that any given matenal is pure However, the chemist usually ap- 
proaches such a problem by tesUng the homogeneity of the prepara- 
tion by all known methods and, fading to obtam any evidence of in- 
homogeneity, he is then willing to conclude that the substance is 
pure It should be emphasized, however, that such a conclusion is 
not warranted untd all known methods have been utilized and have 
faded to reveal the presence of an impurity, for it is qmte possible that 
an active agent and an impurity might sediment in a ccntnfugal 
field or migrate m an electrical field, for example, at exactly the same 
rate and hence appear as one by these tests, but it is extremely un- 
likely that all of the chemical and physical properties of the active 
agent and an impurity would be exactly the same In most of the 
cases of the 20 or more purified virus preparations that have been 
obtained, only one or two tests for homogeneity have been applied, 
and it would be, therefore, extremely hazardous to base a conclusion 
regarding purity on such scanty data Is it necessary, on the other 
hand, to conclude that the data on the 20 or more purified viruses 
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are entirely without significance? One might be justified in adoptmg 
such an extreme viewpomt if there were no order or relationship be- 
tween the various preparations However, it has been obvious for 
some tune, because of the work of Elford and others on the filtration 
of viruses, that one would expect to obtain, on isolation of the diSer- 
ent viruses m purified form, preparations composed of discrete par- 
ticles of sizes characteristic of the respective viruses In other words, 
with respect to size one could have anticipated to a certam extent 
what has been found m the cases of these purified preparations If, 
m addition, it should prove to be possible to subject, with negative 
results, one or two of the representative purified virus preparations to 
a suffiaent number of different tests for homogeneity to warrant the 
conclusion that they are essentially pure and hence the viruses, then 
less complete data on the remainmg virus preparations should take 
on an added significance In fact, even a few tests mdicatmg homo- 
geneity could then be considered as good presumptive evidence that 
the preparation is essentially pure and consists of virus 
It becomes of considerable importance to virus work in general, 
therefore, to examine the available data critically m order to deter- 
mine whether or not sufliaent experimental results are available m 
connection with any one virus preparation to justify the conclusion 
that it is homogeneous and hence actually consists essentially of virus 
alone As many of you know, there are tremendous experimental 
difficulties which obstruct extensive work with most of the viruses, 
for example, they may be very unstable, they may occur m their hosts 
m very low concentrations, or it may be difficult to secure large 
amounts of startmg material Fortunately, there are a few viruses 
which are not attended by such handicaps and one of these, namely, 
tobacco mosaic virus, has been subjected to extensive mvestigations 
m several laboratones durmg the past four years The matenal 
which has always been isolated from mosaic-diseased plants has been 
foimd, with few exceptions, to have quite definite and constant chem- 
ical, biological, immunological, and physical properties Available 
data mdicate that it is a conjugated protem, containing 95 per cent 
protem, 5 per cent nucleic aad, and no hpoid It has been found to 
yield only amino and nucleic aads on hydrolysis Dr Lormg has 
demonstrated not only that the latter is a true nucleic aad by the 
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isolation of guanine, cyatosme, adenine, and undylic aad, but also 
that it thfEers m certain respects from all known nucleic aads The 
ammo aads which have been identified by Dr Ross mdude argimne, 
aspartic aad, cysteme, glutamic aad, leucme, lysme, phenylalamne, 
prohne, serme, tyrosme, and tryptophane Alanme, histidme, and 
glyone are ather absent or occur m amounts that have not been 
measurable Except for the absence of histidme, there is nothing 
especially unusual m the ammo aad composition of the material 
Because of the mterest m Kbgel and Erileben's demonstration of the 
occurrence m cancerous tissue of glutamic and other ammo aads 
havmg markedly lower optical rotations mdicative of the presence of 
the unnatural isomers, it should be mentioned that Dr Ross has 
found the glutarmc aad of the virus matenal to be the naturally oc- 
currmg d-glutaimc aad The nucleoprotem contams SO per cent 
carbon, 7 per cent hydrogen, 16 per cent mtrogen, 0^4 per cent sulfur 
probably m the form of sulfhydryl sulfur, and 0 6 per cent phosphorus 
It 13 isoelectric at pH 3 5 and has a density of 1 37, a sedimentation 
constant of 174 X 10~“ cm sec.“‘ dyne”', a diffusion constant of 
3 X 10”‘ aa'/xc., and a rotational diffusion constant of 25 sec.”' 
at 0°C It 13 completely homogeneous m the Svedberg centrifuge and 
m the Tisehus electrophoresis apparatus Particles of the matenal 
are remarkably asymmetncal, and its solutions exhibit double refrac- 
tion of flow, electncal double refraction, and on standmg tend to 
separate into two layers the lower of which is spontaneously doubly 
refractmg and the upper of which shows double refraction only when 
caused to flow Usmg mdirect methods, Lauffer and I have estimated 
that the molecules of the nucleoprotem are about 400 m/i in length 
and about 12 mu m cross section Recently, by direct observation by 
means of the electron rmcroscope, Kausche, Pfankuch, and Ruska 
demonstrated that most of the molecules m a dilute solution of a 
chemically prepared sample were about 300 m/i m length and about 
12 to IS mfi m cross section However, evidence of marked aggre- 
gapon of particles m more concentrated preparations was obtained by 
this method The matenal gives a beaubful X ray diffraction pattern 
which Bernal has mterpreted as bemg due to rods about IS mu m 
MOSS scchon, havmg an mtemal regularity which might be considered 
as crystalline and when concentrated arranged m hquid or m sohd 
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form with a perfect hexagonal 2-dunensional regularity at right angles 
to the length but with no regularity m the direction of the length of 
the rods The matenal gives specific preapitin and anaphylaxis 
reactions and, when highly purified, it is impossible to detect the pres- 
ence of extraneous substances by immunological tests 
Of great significance is the fact that the virus activity of prepara- 
tions havmg the chemical and physical properties or constants just 
described is also essentially constant regardless of the source of the 
startmg matenal Tobacco mosaic virus has one of the widest host 
ranges known, for 46 different speaes of plants representmg 14 widely 
separated families are susceptible to the disease Yet, whether iso- 
lated from diseased tobacco, tomato, petuma, or phlox plants, the 
virus activity per umt of nucleoprotem does not vary significantly 
It is possible, of course, to obtam preparations of lower activity by 
treatment with deletenous agents, such as aad, alkah, or heat, or by 
prolonged exposure to strong salt solutions As a matter of fact, some 
of our first preparations and many of the samples prepared m other 
laboratones were mjured by the very processes used for isolation and 
had greatly lowered activities However, if caution is exerased, it 
IS not difficult to secure preparations havmg a high and constant 
activity The total activity of these preparations does not differ by 
more than about 20 per cent from that of the samples of the untreated 
infectious jmce of frozen mosaic-diseased Turkish tobacco plants used 
as starting matenals There is, therefore, good reason to beheve that 
the virus activity of such preparations has not suffered as a result of 
the purification process The isolation of many preparations havmg 
the same high and constant activity from many different batches of 
startmg matenal from the same and from different hosts was, of 
course, good presumptive evidence that in every case the same ma- 
tenal was bemg obtained 

Of greater significance, however, are the results obtamed m a senes 
of studies m which the virus activity was correlated with physical 
and chemical properties In every case yet studied, treatment which 
has caused changes m one or more of the chemical or physical proper- 
ties of the matenal has also caused a change m virus activity Di- 
gestion with certam enzymes or denaturation by aad, alkah, heat, 
dodecyl sulfate, urea, etc , causes loss of activity, and m general the 
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rate of digestioE or of denaturation and the rate of loss of activity 
have paralleled each other The inactivation of the preparations by 
formaldehyde has been studied m great detail by Dr Ross, and he 
found not only that the inactivation was accompanied by a decrease 
m ammo mtrogen, but more important that the reaction could be 
reversed and that the reactivation was accompamed by an mcrease 
m amm o mtrogen The ultraviolet light absorption spectrum of the 
material has been found to be essentially the same as the destruction 
spectrum of virus activity In a variety of eipenments it was found 
impossible to alter the activity by fractional crystallization, preapi- 
tation, filtration, or diffusion, or by centrifugation of negatively 
charged, positively charged, or neutral nucleoprotem, or by means of 
centrifugation from mntures with various other matenals In recent 
unpublished work, Dr Lonng found that the solubihty of the ultra- 
centnfugally isolated nucleoprotem vaned only shghtly with a large 
change m the amount of sohd phase present, a result mdicativc of 
unusual homogeneity Dunng the past four years, much of the work 
m my laboratory has been devoted to a study of the homogeneity of 
this high molecular weight material isolable from tobacco mosaic 
diseased plants, yet m all of this work and m all of the work which 
has been reported from other laboratories, not a smgle bit of cxpen- 
mental evidence has been obtamed that is mcompatible with the idea 
that this material is actually tobacco mosaic virus m an essentially 
pure form It would seem, therefore, that we are m an excellent posi- 
tion to make a decision regardmg the homogeneity of this nucleopro- 
tem However, before domg so there are two pomts that I should 
like to consider In the first place, with this material, as must always 
be the case with any material, it is possible that a property, m this case 
the vmis activity, may be due to somethmg which has not been com- 
prehended as yet Smee this possibihty must always remam, I 
think we should remember it, but because of the great mass of experi- 
mental data now available, we should relegate it to the background 
The second pomt is, because of the fact that the production of virus 
IS accompanied by mutation and hence by the sunultaneous production 
of at least small amounts of closely related strains, it seems likely that 
despite the tests indicative of homogeneity the matenal actually con- 
sists of a family of closely related nudeopro terns However, it would 
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appear that most of a given preparation consists of identical structures 
and the remaining small amount consists of structures so closely 
related that the difference is not detectable by ordmary means Al- 
though the possibihty of this situation should be recognized, it can- 
not alter the vahdity of the experimental results, and I think, there- 
fore, that on the basis of evidence now available we are justified m 
concludmg that for all practical purposes the nucleoprotem prepara- 
tions consist of essentially pure and homogeneous tobacco mosaic 
virus 

In coimection with the other purified virus preparations, it should 
be noted that it has already been possible to demonstrate that the 
purified preparations of the different viruses have quite different and 
highly characteristic chemical, physical, and serological properties 
The properties of preparations of strams of a given virus have been 
found to be somewhat similar, although m every case so far studied 
differences have been found Furthermore, the amounts of the 
punfied materials have been found to vary tremendously dependmg 
upon the virus or virus stram as well as upon the host Because of 
these and other experimental data and because it has been possible 
to conclude that tobacco mosaic virus has been obtamed m essentially 
pure form it appears that we are now m a position to make at least 
some tentative conclusions regardmg other virus preparations Al- 
though they have been studied to a lesser extent, it appears that in 
the cases of the four other strams of tobacco mosaic virus, the related 
cucumber mosaic 3 and 4 viruses, latent mosaic of potato virus, and 
the staphylococcus bacteriophage there is good reason to beheve that 
the respective active agents have been obtamed m pure form There 
IS also good evidence that the preparations of tobacco rmg spot and 
bushy stunt of tomato viruses are essentially pure, and fair evidence 
that the Shope rabbit papilloma and foot-and-mouth disease viruses 
have also been obtamed m essentially pure form Although m the 
cases of the remammg punfied virus preparations the extreme m- 
stabihty of the virus, the isolation of similar preparations from nor- 
mal tissues, or the known presence of extraneous substances have 
cast some doubt upon the significance of the results, it seems obvious 
that, with varymg degrees of certamty dependmg upon the individual 
case, a great vanety of viruses have been obtamed m an essentially 
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pure form Some of these are viruses affectmg plants, whereas others 
are viruses affecting animals, yet they have been grouped together 
This has been done knowingly, for it seems likel> that virus activity, 
whether it be manifested m plants or m ammals, is fimdamentally 
the same, hence, there is no vahd reason for separatmg the viruses 
affecting plants from those affectmg ammals Information gamed 
from the plant side should be used to supplement that gamed from 
the animal side, and ntct versa, vnthout discrimination Some of these 
viruses, such as those of tobacco mosaic and its strains and those of 
the related cucumber mosaics 3 and 4, are conjugated protems con- 
tammg about S pier cent nucleic aad, others such as tobacco rmgsjxit 
contain about 40 pier cent of nucleic aad, others such as latent mosaic 
contam nucleoprotem plus additional carbohydrate, and still others 
appiear to contain not only nucleoprotem plus additional carbohydrate 
but also some hpwid, although the necessity of the presence of hpioid 
m a vmis has not been defimtely established as yet The sizes of the 
purified viruses have been found to correspiond closely to the sizes 
previously estimated by Elford and others from filtration data on 
unpunfied or on setm purified preparations, although m some cases 
the estimates have been revised downwards 
One unpiortant result of the purification work was the findmg that 
viruses differ tremendously m shapie Tobacco mosaic virus, its 
strains and related viruses, and latent mosaic of piotato virus are 
long, thm rods, whereas tobacco nngspiot, bushy stunt, and the 
Shopie papUloma viruses appiear to be essentially spherical m shape 
The demonstration that tobacco mosaic virus consists of long rods 
and the probabffity that treatment with salt or other agents causes 
two or more of these rods to combme end to end, to a certain extent 
irreversibly, with the formation of still longer rods has pienmtted a 
rational explanation of the rather puzzhng filtration behavior of this 
virus As many of you know, tobacco mosaic virus has been repxirted 
to have a filtration end pxiint varymg all the way from about 13 m;a 
to over 300 m^, depicnding upxjn the conditions and prcpmrations 
used Bawden and Pine found, for example, that them purified vmis 
would not pass filters havmg an average piore size of 450 m/i We 
have, however, established that the filtration behavior of ultracen- 
tnfugally purified virus does not differ essentially from that of the 



to 


W M STANLEY 


ms in untreated infectious juice If such purified virus, which will 
course readily pass a membrane of average pore size 450 mju, be 
eated with ammomum sulfate, it becomes suffiaently aggregated 
» that followmg removal of the salt the vims wiU no longer pass 
le filter As is well known, our theories of filtration are based upon 
iherical particles and, smce similar theories for rod-shaped particles 
ive not been worked out as yet, the filtration data on vimses known 
► be rods must be mterpreted with caution 

The unusual shape of tobacco mosaic vims has also resulted m some 
lerestmg observations on its solutions which are considered as ex- 
jnmental proof for the existence of long range forces actmg between 
le mdividual particles In the past, the forces between molecules 
I solution have been regarded as bemg effective only over relatively 
lort distances of a very few A umts However, m our various theo- 
es of the mechamsm by means of which vimses reproduce, and, for 
lat matter, m our theones of other mtracellular events, it has been 
ecessary to postulate the existence of forces actmg over considerable 
Lstances, and it has been a matter of some embarrassment that the 
:tual existence of such forces has been demed on theoretical groimds 
/ithin the past year, Langmuir m this coimtry and Levine m Eng- 
ind have, almost sunultaneously, shown that there are good theo- 
itical grounds for behevmg that forces between molecules may act 
ver distances as great as several hundred A umts Bemal has shown 
y means of X-ray measurements that m the lower doubly refractmg 
Lyer of solutions of tobacco mosaic vims, where the molecules are 
rranged m a hexagonal close-packed lattice of parallel rods, the 
istance between the adjacent molecules may vary continuously 
:om about 125 to 500 A, dependmg only upon the concentration of 
tie solution This striking demonstration of the existence of forces 
ctmg between molecules hundreds of A umts apart, and their ac- 
eptance from the standpomt of theory alone, are of considerable 
nportance, for we are now justified m usmg such forces m a tentative 
ortrayal of the mechamsm of virus action, such as the one which 
presented two years ago at the meetmgs of the Amencan Association 
1 Indianapolis If there are forces by means of which one molecule 
an cause a certain defimte orientation of another molecule himdreds 
f A umts away, then does it seem unreasonable to suppose, as was 
one two years ago, that the molecule may also cause the orientation 
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and aLgnment of sub-umts at a distance, which when completed is 
followed by the combination of these umts, masmuch as such combma- 
tion represents a stable form? This picture may appear far too simple, 
but it seems to me that it must be essentially correct and that it 
should not be comphcated at this tune by reference to the numerous 
catalytic reactions which probably serve as its foundation 
Now, you may well ask what is it that has been demed other mate- 
nals and given to the viruses which enables them to utilize these 
forces m the reproduction of their kmd Why should an egg albimun 
molecule or, for that matter, formolized tobacco mosaic virus, which 
must certainly be affected by long range forces, not be able to repro- 
duce? I do not know, but I am convmced that the answer must he 
withm the structures which are characteristic of these materials 
We are faced with many similar problems In orgamc chemistry 
Why should a relatively mert anthracene molecule to which has 
been added a few sub groups suddenly become a potent carcinogemc 
agent, which on further shght change may become a female sex hor- 
mone, which on additional shght change may become the male sex 
hormone, and so on almost endlessly Although the reason why a 
certam structure should be accompamed by a given activity remains 
a secret, it has been demonstrated that given structures are accom- 
panied by given biological activities No such remarkable achieve- 
ment has been accomplished with the viruses, yet, despite their 
apparent diversity, there must be some characteristic structure which 
endows them with their biological activity There are, however, 
certam leads, perhaps the most significant of which is the fact that 
all viruses appear to be or at least to contam nucleoproteins The 
abihty of organisms to reproduce is assoaated with nuclear material, 
and we assume that the basic unit of this matcnal is a gene, perhaps 
a smgle nuclcoprotem molecule We know that the makeup of at 
least one virus, namely, tobacco rmgspot virus, must be very similar 
to such material, for it has been found to contain 40 per cent nucleic 
and and 60 per cent protem, a ratio practically the same as that found 
m the purest nuclear material readily available to chemists, the 
nucleoprotans which make up fish sperm The properties of the 
viruses composed of nucleoprotem are, so far as I can see, essentially 
the properties which we would postulate for a gene or for a group of 
genes, were they capable of an mdependent existence It may be. 
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therefore, that in the viruses we have a structure fundamentally the 
same as that which may be considered to characterize genes but which 
has been further adapted to an mdependent existence 
The possibihty of this structural relationship is of great importance 
m genetics, for the studies which can now be made on virus reproduc- 
tion and mutation may have a direct relationship to similar events 
withm cells Furthermore, the charactenstic structure which permits 
a virus to enter mto the metabohc cham of events within cells may 
have a direct beanng on the advent of cancerous growths, a close 
relationship between the Shope papilloma virus and certam cancers 
already havmg been proved experimentally by Rous and coworkers 
The fact that the change m structure brought about by the mutation 
of a virus may be accompamed by a marked change m biological 
activity and the fact that some strams of a virus may be so mild that 
they may persist almost unnoticed m a host whereas other strains 
of the same virus may have a severe effect on the host may also be 
of importance in the aetiology of certain cancers There is, therefore, 
every reason to pursue with the utmost vigor the problem of the 
nature of the structure resultmg from a combmation of ammo and 
nucleic aads which is characterized by virus activity There is no 
reason why this problem should be shrouded m a veil of vitahsm for 
the chemical, biological and physical properties of matter, whether 
atoms, molecules, germs or cells are directly dependent upon the 
structure of matter, and the results of the work with viruses have 
permitted the conclusion that the nature of this structure is funda- 
mentally the same regardless of its occurrence It seems to me that 
as structures become mcreasmgly more complex, the only difference 
IS that the additional complexity permits of more complex expressions 
of that structure, and that there is m reahty a contmuum from simple 
to complex structures, from molecules to orgamsms, and that after 
all there is no great difference between the two Therefore, the 
all-important and fundamental problem of virus activity, with which 
may be assoaated questions of great importance m genetics, pa- 
thology, immunology, biology, theoretical physics, and alhed fields, 
IS one of chermcal structure It is a straightforward problem of 
structural orgamc chermstry, and, although it may appear at present 
to present unsurmountable difficulties, I am confident of its eventual 
solution 
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therefore, that in the viruses we have a structure fundamentally the 
same as that which may be considered to characterize genes but which 
has been further adapted to an mdependent existence 
The possibihty of this structural relationship is of great importance 
m genetics, for the studies which can now be made on virus reproduc- 
tion and mutation may have a direct relationship to similar events 
withm cells Furthermore, the characteristic structure which permits 
a virus to enter mto the metabohc cham of events within cells may 
have a direct beanng on the advent of cancerous growths, a close 
relationship between the Shope papilloma virus and certam cancers 
already havmg been proved experimentally by Rous and coworkers 
The fact that the change m structure brought about by the mutation 
of a virus may be accompamed by a marked change m biological 
activity and the fact that some strains of a virus may be so mild that 
they may persist almost unnoticed m a host whereas other strams 
of the same virus may have a severe effect on the host may also be 
of importance in the aetiology of certain cancers There is, therefore, 
every reason to pursue with the utmost vigor the problem of the 
nature of the structure resultmg from a combmation of ammo and 
nucleic aads which is characterized by virus activity There is no 
reason why this problem should be shrouded m a veil of vitahsm for 
the chemical, biological and physical properties of matter, whether 
atoms, molecules, germs or cells are directly dependent upon the 
structure of matter, and the results of the work with viruses have 
penmtted the conclusion that the nature of this structure is funda- 
mentally the same regardless of its occurrence It seems to me that 
as structures become mcreasmgly more complex, the only difference 
is that the additional complexity permits of more complex expressions 
of that structure, and that there is m reahty a contmuum from simple 
to complex structures, from molecules to orgamsms, and that after 
all there is no great difference between the two Therefore, the 
aU-important and fundamental problem of virus activity, with which 
may be assoaated questions of great importance m genetics, pa- 
thology, unmimology, biology, theoretical physics, and alhed fields, 
IS one of chemical structure It is a straightforward problem of 
structural orgamc chemistry, and, although it may appear at present 
to present unsurmountable difficulties, I am confident of its eventual 
solution 
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HISTORICAL INTRODUCTION 

In 1833 BeU (9) descnbed under the headmg of “affection of the 
voluntary nerves” a condition in which the “consent of the muscles” 
was imperfect Affected mdividuals, although capable of great bodily 
exertion and suffermg from “no irresolution m the motion of the hmbs 
when at ease or under a flow of spirits,” were imable at times, espe- 
aally under exatement or fright, to put one leg before the other and 
would stagger hke drunken men This appears to be the earhest 
reference to the disease which Thomsen (139) descnbed m 1876 and 
which now bears his name Thomsen, who suffered from the disease 
himself, descnbed the “tome cramp condition” which occurred m the 
muscles on voluntary contraction and subsided only gradually He 
descnbed the onset m childhood, the mvolvement of most of the 
muscles of the body, and the hereditary nature as seen by its occur- 
rence m many members of his family through several generations 

In 1881 Strumpell (137) suggested that this “well characterized and 
easily recognized” condition be called “myotoma congemta ” Erb 
(41), m his monograph m 1886, accepted and thus established the 
name of myotonia congemta for the disease descnbed by Thomsen 
The muscle disturbance charactenstic of the disease became known 
as “myotonia,” and the reaction of the muscles to mechamcal and 
electneal stimulation was called by Erb “the myotome reaction ” 

Folio wmg recogmtion of the disease, atypical cases were recorded 
m which the myotoma set m late m hfe, or had a very limited distn- 
bution, or was associated with atrophy (myotome atrophique of 
Rossohmo (114)) instead of the previously reported hypertrophy 
In 1909 Batten and Gibb (7), and mdependently Stemert (135) recog- 
nized that most of these cases represented a different malady m which, 
m contrast to myotoma congemta, the myotoma was limi ted m dis- 
tnbution and assoaated with a charactenstic pattern of muscular 
atrophy In 1912 Curschmann (32) recognized the significance of the 
extramuscular symptoms — the cataract, testicular atrophy, baldness. 
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and others— and called this disease “dystrophia myotonica.” Fleis- 
cher (48) m 1918 stressed the hereditary features of the disease 
Until very recently neither dystrophia myotonica nor myotonia 
congemta has received much attention m Amencan hterature The 

TABLE 1 


Mcucular 

Atrophy 


Idiopathic 


^Secondary 


I Myopathk 
Myelopathic 


f Myopathic 


Hereditary 


DIsum 
Trauma 
Tabes Dorsalis 
Neuntis 
Virus 
Bacterial 


Myelopathic 


( Amyotonia Congenita 
(Oppenheim) 

I Progressive Muscular Atrophy 
(Aran Duchcnne) 

Amyotrophic Lateral Sclerosis 
(Charcot) 

(Myasthenia Gravis (Wilks Erb) 

I Family Periodic Paralysis (Cavare) 
I Progrtssive Muscular Dystrophy 
(Erb Landouiy) 

Myotonia Congenita (Thomsen) 
Dystrophia Myotonica (Deleagc) 
InfantiJe Muscular Atrophy (Weid 
nig Hoffmann) 

Hypertrophic Neuntis (Dejerine- 
^Uos) 

Peroneal Muscular Atrophy (Char 
cot Marie Tooth) 

Familial Atana (Fnedreicb) 


Bacterio toxic 
Toxic 


I Vitamin deficiency, etc. 
Poliomyelitis 
Acute 


Chronic 
Syphilis 
Lead, etc. 


position among the myopathies of myotoma congemta and dystrophia 
myotomca is shown m table 1 (modified from Armg and Cobb (5)) 
Dystrophia myotomca is apparently much more common than myo- 
toma congemta and, as judged by recent reports, can hardly be 
considered a rare disease Because of the presence of the striking 
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phenomenon of myotoma, these conditions are readily diagnosed if 
kept m mind, but the general unfamihanty of practitioners with 
myotonia leads frequently to mcorrect diagnosis The purpose of this 
paper is to descnbe myotoma, its charactenstics, its reaction to drugs, 
its nature, and its occurrence 

Myotoma may be associated with contractions produced by nerve 
impulses, mechamcal stimuh or electncal stunuh It is most com- 
monly seen m voluntary contractions, that is, contractions produced 
by nerve impulses 

MYOTONIA ASSOCIATED WITH CONTRACTIONS PRODUCED BY 
NERVE IMPULSES (ACTIVE OR VOLUNTARY MYOTONIA) 

1 Persistence of contraction after cessation of the nerve impulses 

Normally the state of contraction of a muscle ends m an abrupt 
maimer a small fraction of a second after the cessation of the stimulus 
producmg the contraction (49) In a muscle exhibitmg myotoma the 
state of contraction does not stop suddenly shortly after the cessation 
of the stimulus but persists for an abnormally long time and subsides 
only gradually ^ This persistence of the contraction appears as a 
slowness m the return of the muscle to its original length Smce the 
return of the muscle to its ongmal length after cessation of the forces 
produang contraction is a passive process dependmg on the presence 
of an outside extendmg force, the abnormahty m myotonia is a per- 
sistence of the state of contraction rather than a delay m the passive 
process of relaxation Insofar, however, as relaxation ordmanly 
occurs upon the cessation of voluntary effort, it is convement to speak 
of a delay of relaxation m myotoma 

The abnormal persistence of the contraction can be felt and mdeed 
seen when the muscles he superficially The muscle which at rest is of 
about normal firmness and resfiiency becomes on contraction markedly 
firm and remams so for many seconds The abnormahty can, how- 
ever, be studied more carefully by means of k3anograph records 
In these it is seen that only occasionally does the contraction persist 
at its full extent for even a short time When the myotoma is marked, 

1 This statement implies a penpheral ongm of myotoma The evidence for this will 
be given later 
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rela-xation may be slow from the start More frequently a period of 
fairly rapid relaxation is followed by a penod dunng which the con 
traction subsides more slowly (see below for explanation) The 
initial penod may be normally rapid and a sudden catch mth angle 



Fio 1 Record OFIUE CovnuCTioNsoriUETnuuB OFA Patiu-vt wrru DisTKOnm 

Meotomca 

Upstroke rcprcscnU conlrocUon of the rojotonic muidcj The degree of m>-olonla is 
indicated b> the prolongation of rclaiaUon (downitroke) Vote the decrease in in> olonia 
with each repeution of the contraction and the catch as the rapid phase of rclaaalion 
changes to the slois phase 

formation occur at the start of the slower penod (fig 1) Pht penod 
of slow relaxation mav be smooth, showang a gradual and steady 
subsidence of the contraction or it max be step-hke 

The duration of the mj otonic contractions may be from a fraction 
of a second to oyer a minute depending on the extent of mvoKement 
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of the muscle and the strength of the contraction The majonty last 
less than a mmute and reported contractions of several minutes dura- 
tion are probably either grossly over-estimated or are not true cases of 
myotonia 

Myotonia is not associated with pain “Stiffness” and occasionally 
“tension” may be complained of, but almost never pam This 
absence of pam is of great importance m distinguishing myotoma from 
other conditions which may simulate it, such as the muscle cramps 
associated with irritative nerve lesions 

ChnicaUy, persistence of contractions is strikingly shown m many 
ways After grasping an object the person affhcted with myotonia 
may be unable to release the object for many seconds A stiffness 
may occur m the jaws durmg mastication, in the knees after squatting, 
or m the legs on starting to walk If the eyehds are strongly closed, 
they often cannot be opened immediately, and after looking suddenly 
to the side, the eyes may remain fixed for many seconds 

2 Voluntary origin of the nerve impulses 

The myotome contractions produced by nerve impulses are, with 
few exceptions, voluntary contractions, hence the name “active or 
voluntary myotonia ” Prolonged involuntary contractions, such 
as those which occur m tetany or m some lesions of the nervous system 
must be carefully distmguished from myotonic contractions which 
they usually resemble only superficially The occurrence of such 
involuntary contractions m a myotome patient is an adventitious and 
uncommon event In addition to their involuntary nature these 
contractions do not show the other distmgmshmg charactenstics of 
myotonia to be mentioned Resistance to passive movement such 
as IS commonly found in lesions of the central nervous system does 
not occur in myotonia nor does passive movement result m a myotonic 
contraction 

Difference of opinion exists on the occurrence of myotonia following 
reflex movements It has been reported that during reflex activity, 
such as coughmg, the latissimus dorsi contracts normally, while during 
voluntary activity it exhibits myotonia (47, 58, 70, 133) On the 
other hand, myotoma of the chest, stomach, and eye muscles may at 
times be observed following marked reflex movements such as cough- 
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mg, sneezmg or hiccoughing (S3, 113, 137) Stretch reflexes, such as 
the knee jerks and biceps reflex, appear to occur with normal rapidity 
As will be noted later, a certain strength of contraction is often neces 
sary for myotonia to manifest itself, and it is probable that whether 
or not a muscle wall show myotonia on reflex contraction wiU depend 
on the mtensity of the reflex and strength of the contraction This 
conclusion is supported by the evidence to be given that myotonia is 
due to a change m the muscle Contractions associated with tendon 
reflexes are probably too bnef and too weak for the production of 
myotonia of demonstrable degree 

Under the influence of cold, slow spontaneous contractions occur 
m paramyotonia, a related condition Occasional statements of 
patients with myotonia suggest that cold may at tunes produce 
spontaneous persistmg contractions, thus, a patient told the author 
that m marked cold his chin muscles “puckered up ” Blirger and 
Shellong (23) report the production of a persistmg contraction m the 
biceps by the use of an ethyl chlonde spray 

3 Dtcreate with repelUton of (lie coiUractioii 

Probably no true exception exists to the statement that in a senes 
of contractions followmg a penod of rest, myotonia dimmishes m 
succeedmg contractions (fig 1) In most cases myotonia seems to 
disappear, but m a few a defimte amount remains m spite of contmued 
contmctions In mild cases motion may be free after two or three 
contractions, m marked cases progressive improvement may occur for 
twenty or more contractions. The importance of this characteristic 
m the diagnosis of myotonia has not been sufficiently realized 
Many of the apparent exceptions m the hterature are conditions 
which simulate but are not myotonia Other apparent exceptions 
probably fall mto the followmg three groups 1) Although at times 
a defimte improvement of the myotonia occurs m the first few con- 
tractions followmg rest, the degree of myotonia which persists m 
spite of repeated contractions may be appreciable Even those 
cases m which the myotonia seems to disappear completely might 
show some degree of residual myotonia if the contractions were 
recorded with sensitive instruments It is thus possible to speak of an 
“initial myotonia” and a “residual myotonia”, this assumes that the 
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same phenomenon is dealt with m both cases, an assumption probably 
justified but for which proof is yet lacking A staking example is the 
imusual case described by Garra and Garra (53) of myotoma hmited 
to the distribution of a single nerve In this case the first contraction 
lasted 70 seconds, succeedmg contractions decreased m length imtil 
the duration was eight seconds, further contractions did not decrease 
m duration 2) In severe cases of myotoma repetition of certam 
movements may be assoaated with mcreasmg difficulty m execution 
of the movement almost to the pomt of rigidity, followed, however, by 
improvement if the movement is contmued In this group probably 
belong those cases described as havmg ‘^paradoxe myotome” (122, 
133) , that IS, a myotonia which apparently mcreases with repetition 
of movement The explanation m these mstances is that the move- 
ments mvolve the contraction not of a smgle muscle but of several 
antagomstic muscles In the case of the fingers, for example, the 
flexors on contractmg the first time do so agamst relaxed extensors 
and develop a mild degree of myotoma Smce the extensors must 
contract agamst the myotonic flexors, they contract forcefully and 
develop more marked myotoma The flexors when they contract 
agam must now overcome the myotoma of the extensors and the 
movement is thus slow and with marked effort and the myotoma 
developed is greater The same is true of the subsequent contraction 
of the extensor muscles When the decrease m myotoma resultmg 
from repetition of the movement overcomes the mcrease m myotoma 
resultmg from mcrease m strength of contraction, the movements 
become easier and faster If the disease is severe and the patient 
makes a sudden forceful movement, the entire body may become rigid, 
and the patient, bemg unable to move, may fall 3) Although myoto- 
ma IS generally most severe on the first contraction, it occasionally 
appears to mcrease m degree for one or, rarely, two contractions before 
it begms to improve (106) 

The decrease of the myotoma with repetition of contraction is not 
a fatigue phenomenon smce the myotoma is gone long before fatigue 
sets m and the strength of contraction mcreases after the myotonia 
disappears The decrease of myotonia would appear to be more 
closely related to those changes which are assoaated with what is 
usually called “warmmg-up ” 
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The cMroUary to the decrease m myotoma with repetition of the 
contraction is the increase m myotonia with rest The condition is 
usually most severe m the mormng “Stifiness” m the legs is evident 
only after staymg m one position for some time The more completely 
the contractions are freed of myotoma by repetition of the contraction, 
the longer the rest required for the return of the myotoma to its ongmal 
level 

4 Venations unth force of contraction 

Wi thin certam limits myotonia mcreases with mcrease m force of 
contraction Mild degrees of myotoma may not be evident except m 
acts requmng marked effort A patient who may be able to open and 
close his hands with no noticeable difficulty may not be able to release 
the dynamometer Above a certain limit, mcrease m force of con- 
traction does not seem to mcrease the myotoqia When myotoma 
has apparently disappeared following weak contractions, it may 
occur with stronger contractions 

5 Dual nature of myotonic contractions 

If the fist IS tightly clenched and then an attempt made to open it 
immediately, 15 seconds may be required to open the hand completely 
because of the slow relaxation If, however, the hand is held tightly 
clenched for 15 seconds, it can be opened rapidly mth httle or no 
evidence of myotoma (35, 58, 98, 106) What is even more mterestmg 
is that if the hand is held tightly clenched for only, say, seven seconds 
before beginmng relaxation, the relaxation is rapid until the hand is 
partially open but from that pomt relaxation is slow and to open com- 
pletely the hand requires eight more seconds The total duration of 
the contraction is thus 15 seconds m each case On the basis of a 
study of this phenomenon the author (106) has made the followmg 
conclusions 1) The myotome contraction consists of two superim- 
posed components, a voluntary contraction of the usual type startmg 
and stoppmg as desired by will and a persistmg contraction settmg 
m at the time of the voluntary contraction and lastmg for a defimte 
tune, 15 seconds m the foregomg illustration, regardless of the dura- 
tion of the voluntary component 2) Both components probably 
mvolve the same muscle fibers 3) Myotoma sets m when the 
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muscle IS contracted but not durmg voluntary mamtenance of the 
contraction 4) The production of myotonia apparently depends on 
the occurrence of those changes in the mu'scle which are associated 
with the actual contraction or shortenmg of the muscle 

6 Slow phase of contractton 

Jensen (69) observed a defimte slowness of the phase of contraction 
m k)nnograph records of myotome contractions The author has 
also recorded this slowness of contraction on k 3 maograph records by 
usmg heavy weights (Jensen used a weight of 1 8 kilograms) but feels 
that caution must be used m evaluatmg it because strikingly similar 
curves are sometimes obtamed with the use of heavy weights m 
normal mdividuals The observation that the slowness of contraction 
IS abnormally accentuated m myotome mdividuals by cold (102, 106) 
and by calaum (106) suggests that it represents a significant findmg 

7 Decreased strength of second contractions 

The second contraction of a myotome muscle may appear weak if 
the antagonist of that muscle is also myotome The first time the 
muscle contracts it does so against no resistance, but after the an- 
tagonist has contracted, the muscle must contract against the resist- 
ance of the myotonia now present m the antagonist This probably 
explams the majonty of mstances m which a weakness of the second 
and several succeedmg contractions is seen A weakness of the 
second contraction may also occur when the antagomstic muscle is 
not myotome (65, 106) In kymograph records, this weakness is most 
evident when heavy weights are used, possibly because any weakness 
which occurs is made more evident and because a greater degree of 
myotoma is obtamed The height of succeedmg contractions after 
the second mcreases until a height eqmvalent to or greater than that 
of the first contraction is attamed 

8 Effect of psychic factors 

Mmor degrees of myotoma may be present only when the mdividual 
IS very exated or frightened Sudden fright may cause a markedly 
myotome mdividual to become completely ngid and fall “as a log " 
Many of these instances can be explamed on the basis of a sudden 
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increase in myotonia as a result of the greater force of contraction 
assoaated with marked emotional stimuli, as fnght or anger That 
mcreased force of contraction can result m myotome contractions 
after the myotonia has apparently been “worked off” has been pomted 
out It IS possible that other factors are also mvolved, such as rate 
of discharge of nervous stimuh and pouring out of vanous hormones 
into the blood stream 

P Eject of ctrculaiory changes 

Bremer and Mage (17) reported that venous congestion decreased 
the myotoma in a patient, whereas Johnson and Marshall (70) found 
that both ischemia and congestion caused lengthemng of the contrac 
bon Usmg a method more sensihve and more quanbtative the 
author (106), however, was unable to show that venous congesbon 
produced by placing a blood pressure cuff on the arm at SO mm of 
mercury for 5 minutes produced any change m the myotonia Cuttmg 
off the cuculation to an extremity by means of a blood pressure cuff 
for 1§ mmutes was also without effect on the myotoma 

10 Effect of Icmferature 

Almost mvanably pabents say that myotoma is mcreased in the 
cold Milder degrees of myotoma may be nobceable only in the cold 
and m some famflics myotoma occurs onl> under the influence of cold 
(see below) The author was surprised, therefore, to find on careful 
mvesbgation of a pabent with dystrophia myotomca that the myoto- 
nia was defimtely decreased at 20°C as compared to 40°C , at 20°C , 
furthermore, the phase of contraction ivas prolonged and assoaated 
with a feeling of weakness This surpnsmg result was also obtamed 
by Nylm (102) m a pabent with dystrophia myotomca. 

The results obtamed on so few pabents do not refute the general 
opmion that cold aggravates myotonia, but several pomts must be 
noted First, it is possible that cold may mcrease “residual myotoma” 
and still decr^ “imbal my otonia " Second, quesbonmg of pabents 
rnnvpc; It quite certain that m the cold they suffer from a fairly marked 
weakness of the muscles It is qmte possible that much of their com- 
plamt m regard to cold arises from this weakness of the muscles rather 
than from an macase in myotoma. In fact, closer questioning oi these 
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patients usually reveals that it is a “numbness” of their hands rather 
than the myotoma which causes trouble m the cold Further observa- 
tions on this pomt are necessary Weakness of antagonists could, of 
course, produce an apparent increase in myotoma Third, these 
findmgs mdicate that although it may be true that cold usually 
aggravates myotoma, at times other factors may produce a decrease 
m myotoma with cold 

The manner m which cold affects the muscle needs further mvesti- 
gation A direct coohng of the muscle suggests itself Vanous m- 
vestigators have shown that the temperature of the muscles is defi- 
mtely lowered by the external apphcation of cold (8, 92) Smce the 
change m temperature is of appreciable degree to depths of 2 cm 
and more, it seems probable that many of the muscles are dehmtely 
cooled In paramyotoma, however, m which weakness and at times 
myotoma occur m the cold it is mterestmg to note that an effect on 
the flexors and extensors of the fingers is obtamed if the hand is placed 
m cold water and the forearm kept warm (131) Direct coohng of the 
muscles m this case can hardly be considered and a reflex vasoconstnc- 
tion of the vessels m the muscles has been postulated Agamst this, 
m myotoma at least, are the observations descnbed above on the very 
limited effect of arculatory changes on myotoma 

11 Effect of imscellaneoiis condthons 

Observations mdicate that myotoma vanes from time to time m a 
manner not explamed by any of the causes previously mentioned 
Such vanations are m good part due to changes m the vanous hor- 
mones and electrolytes of the body, some of these effects wiU be de- 
scnbed below Less definite body changes, hormonal or otherwise, 
which influence myotoma may be descnbed here Myotoma has been 
reported to be worse durmg menstruation (89, 133) and pregnancy 
(58, 133) Food intake is often stated to improve myotonia, whereas, 
abstmence from food may aggravate myotonia Marked fatigue 
appears to aggravate myotoma Fmdley (47) found that myotoma 
was not affected by hypnosis Russell and Stedman (117) report that 
one of their patients noticed that the myotoma was absent for a 
penod of a quarter of an hour to one hour after wakmg from deep 
sleep Hyperventilation has been reported to mcrease myotoma 
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(115), this could not be confirmed by the author When myotonia is 
associated with progressive atrophy of the mvolved muscle, the 
myotonia decreases as the muscle atrophies This maj be due m 
part to the marked weakness of the muscle and its mabdity to contract 
forably enough to produce myotonia Myotonia is aggravated by 
acute mfections and frequently first becomes evident followmg a 
prolonged febrile illness 

12 Effect of drugs on voluntary myotonta 

Quimiie In 1936 Wolf (151) called attention to the effectiveness of 
quimne m the treatment of four patients with myotonia, three 
apparently had myotonia congemta and one dystrophia myotomca 
Ten grains of quimne dihydrochlonde mjected mtravenously abolished 
every myotome phenomenon wi thin ten mmutes, the effect lasting 
from 15 to 20 hours Five to ten grains of quinine hydrochlonde given 
by mouth two or three tunes a day proved to be an effective main- 
tenance dose Later Ketmedy and Wolf (71, 72) reported that as 
long as quinine was administered it aggravated the muscle aeakness 
m jiatlents with myasthenia gravis and abolished myotonia m patients 
with myotonia atrophica and myotonia congemta Doses ranged 
from 2 5 to 15 grams two to three times a day by mouth Simth (130), 
Kolb, Harvey and Whitehill (75), Buckstem (22), Hawke (64) and 
the author (106) have also reported decrease m myotoma followmg 
administration of quimne Holland and Feld (67) m addition to 
confinmng the effect of quimne m decreasmg myotonia observed that 
the effectiveness of the same dose of quimne appeared to dimmish if 
given on successive days but regamed its ongmal effect after a rest 
penod of ten days 

Quimdme has been shown to have an effect similar to q uinin e (106) 
Its relative effectiveness as compared to qumme has not yet been 
determmed 

Epinephrine Several authors have recorded the cardiovascular 
reaction of patients ivith myotonia to epmephnne, Hauptmann (63), 
FUnfgeld (50) and Berg (10) found no mcreased sensitivity to epmeph- 
rmc m patients ivith dystrophia myotomca In a patient mth 
myotonia congemta, Weiss and Kennedy (146) reported that 0 15 
mgm of epmephnne produced no mcrease m blood pressure, but on 
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the contrary a shght decrease, while the pulse rate did not change 
The effect of epinephrine on the myotonia has received less attention 
Pansmi (quoted from Poncher and Woodward (105)) found that 
epmephrme made his patient with myotoma congenita defimtely 
worse Lmdsley and Cumen (88), estimatmg the degree of myotoma 
by the duration of the assoaated electrical activity, report that 
0 35 cc of a 1 1000 solution of epmephrme hydrochloride given m- 
travenously to a patient with myotonia congenita caused a marked 
mcrease m the duration and size of the groups of impulses The same 
authors found no effect from epmephrme m a patient with dystrophia 
myotomca Kennedy and Wolf (71), deahng with cases of both 
myotoma congemta and dystrophia myotomca state that epmephnne 
produced “extreme imtial ngidity m myotoma ” 

By use of a sensitive and quantitative method, the author was able 
to show that epmephrme defimtely decreased the myotoma m each 
of SIX patients with dystrophia myotomca m whom the effect was 
studied (106) 

The method deserves a bnef description The forearm and hand are 
firmly immobfiized m a special holder so that only the thumb is free to 
move The thumb is connected by a strmg to the nder of an ergograph 
The movements of the nder are recorded on a kymograph The move- 
ments of the thumb are adduction-opposition and abduction-extension 
In the patients studied only the muscles producmg adduction-opposition 
exhibited myotonia A quantitative measure of the degree of myotoma 
was obtamed by havmg the patient perform four complete contractions 
and relaxations and totahng the time required for relaxation of each of the 
first three contractions Groups of four contractions repeated at approxi- 
mately ten-minute mtervals for as long as two hours show very nearly the 
same degree of myotonia To detenmne the effect of a drug, tests were 
taken at appro x imately ten-rmnute mtervals, after two to four tests which 
served as controls, the drug was administered and the tests contmued until 
the effect of the drug had disappeared or the fatigue of the patients pre- 
vented further tests 

After the subcutaneous injection of epmephrme a decrease m 
myotoma is evident m 5 to 10 mmutes, reaches its greatest extent m 
15 to 25 mmutes and is practically gone m 45 to 60 mmutes After 
mtravenous mjection the decrease m myotoma is most evident m 7 
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to 12 mmutes and gone in 25 to 35 minutes If the myotonia is of 
hght degree, it may be completely abolished If the myotonia is 
marked, the improvement is present but not as evident and may be 
overlooked If, m a patient with marked myotonia, the degree of 
myotoma is partially diminished by the use of quinine, the effect of 
epmephnne is clearly evident as a further decrease m the myotonia 

It has also been shown that the effect of epmephnne is probably 
directly on the muscles, rather than on the circulation or on the central 
nervous system (106) 

The different expenence of other workers cannot be explamed but 
the method of mvestigabon used m the patients studied by the author 
IS least open to cnticism The response of patients with dystrophia 
myotomca may be different from the response of patients with 
myotonia congemta The possibihty that an adrenal msuffiaency 
not present m myotonia congemta exists m dystrophia myotomca 
and that the effect of epmephrine is only evident m presence of such 
a defiaency and not under normal conditions must not be overlooked 

Ifuuliu Kennedy and Wolf (71) state that one of their patients 
with myotoma congemta showed defimtc aggravation of symptoms 
after the use of msulm. The author (106) found that msuhn when 
given m sufficient amount to produce symptoms of hypoglycemia 
produced a fairly marked decrease m myotonia Smce the decrease 
m myotoma was most marked at the tune when it is known that the 
body IS pourmg out epmephnne to counteract hypoglycemia, it seems 
most reasonable to assume that the decrease of myotonia was due to 
mobilization of epmephnne 

Calcium Abraham son (1) reported improvement of myotonia 
by the use of thyroid and calaum Pamboukis (104) reported tem- 
porary rehef of myotonia m two patients and permanent rehef m 
another by the administration of calcium chlonde and acetylsahcylic 
aad Lmdsley and Curnen (88), usmg the duration of the assoaatcd 
electncal activity as a gauge of myotonia, found a significant decrease 
m the duration m a patient with myotoma congemta and a patient 
with dystrophia myotomca after the mtravenous m;ection of calaum 
The decrease m myotoma was evident subjectively as well as ob- 
jectively Kennedy and Wolf (71) state that calaum improves 
myotonia, but it is not clear whether this statement represents their 
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expenence or that of the authors they quote Poncher and Woodward 
(105) found that calcium decreased the number of attacks m their 
patient diagnosed as myotonia congemta (See below, however, 
regardmg the diagnosis m this case ) Calcium gluconate, given mtra- 
venously by the author (106) to three patients with dystrophia 
myotomca produced a definite improvement m each case The 
improvement varied m the different patients but was most marked m a 
patient with a low normal blood calaum and an uneqmvocal Chvostek 
sign In the same patient the calaum produced a difficulty m com- 
pletmg the contraction which was most evident at the time when the 
myotonia was least The nature of the difficulty m contraction is not 
clear 

Thyroid Jensen (69) observed a decrease m the myotoma after the 
administration of thyroid tablets, m view, however, of the tune 
necessary for thyroid to produce its effect, Jensen’s statement that an 
effect on the myotoma could be determined m one hour after taking 
two tablets of thyroid casts doubt on the observations Pansmi 
(quoted from Poncher and Woodward (105)) admmistered thyroid 
to one of his patients with questionable success Brock and Elay 
(19) observed no improvement from 9 grams of thyroid a day m a 
patient said to have myotonia congemta but who probably had 
dystrophia myotomca (baldness, testicular atrophy, cataracts at 48 
years m father) Weiss and Kennedy (146) reported that th 5 T:oid 
substance and thyroxm m large doses produced no signs of hyper- 
th 3 n:oidism but seemed to aggravate the condition of a patient with 
myotoma congemta Keschner and Fmesilver (73) noted no benefit 
whatever from treatmg a patient with dystrophia myotomca with 
thyroid over a prolonged period Condorelh (29) observed a high 
tolerance to thyroid m his patient Berkman (11) reported that a 
patient with myotome dystrophy who developed hyperthyroidism 
had less myotonia after thjnroidectomy Poncher and Woodward 
(105) recorded marked improvement with thyroid medication m a 
child said to have myotoma congemta Some question as to the diag- 
nosis exists (see below) In an adult patient with myotonia congenita 
the same workers found an accentuation of the myotoma foUowmg 
thyroid administration Kennedy and Woff (71) state that thyroid 
improves myotoma but it is not clear that this represents new observa- 
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tions Mjlhorat and WolfE (96) reported that thyroid administration 
did not improve the myotoma m a patient with dystrophia myotomca 
and that the difficulty might have been mcreased One of the 
author’s patients took 5 to 10 grains of thyroid for a penod of over 
two years and did not beheve that his myotoma was affected, although 
other benefits were evident 

Epitednne Comroe (28) reported improvement m a patient with 
myotonia congemta with the use of ephednne sulfate Kennedy and 
Wolf (71) state that ephedrme exaggerates myotoma The author 
(106) observed no effect from ephednne even when given mtra- 
venously 

Pilocarptiie Hauptmann (63) and FUnfgeld (50) noted exag- 
gerated general reactions to a test dose of pilocarpme m patients with 
dystrophia myotomca Adie and Greenfield (2), however, thought 
the susceptibihty to pilocarpme was decreased rather than mcreased 
m one of their patients Weiss and Kennedy (146) also noted no 
mcreased sensitivity to pilocarpme Monrad-Krohn (98) found that 
0 0075 gram of pilocarpme given mtravenously caused a marked 
dimmution of myotoma Pamboukis (104) and Lmdsley and Cumen 
(88) reported that pUocarpme produced aa increase m znyotoaia in 
their patients Pilocarpme failed to produce an appreciable change 
m the myotoma of one of the author’s patients m spite of other 
marked reactions (flushmg, sahvahon and abdormrml cramps) (106) 

ProsUgmtn Russell and Stedman (117) in 1936 reported that m a 
case of myotonia congemta and m a case of myotoma atrophica the 
mjection of 1 25 mgm of prostigmm made the myotoma definitely 
worse Kennedy and Wolf (71, 72) and Kolb, Harvey, and White- 
hill (75) also found that prosbgmln aggmvated myotonia Kolb, 
Harvey and Whitehill showed further that if the prostigmm were 
given simultaneously with quinmc it directly antagonized the full 
therapeutic effect of qmrune Evert (45) noted improvement m 
patients with myotoma, and fiuchstem (22) states that prostigmm 
did not mcrease the strength or alter the myotonia m a patient with 
dystrophia myotomca 

Acelylchohnc and acelyUbcla metliylchohne Lanan (86) found that 
the mtra arterial mjection of 0 04 gram of acetylcholmc, which in 
normal mdividuals produces no motor effect, provoked m myotonic 
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patients a reversible muscular contracture m the mjected extremity 
An mjection mto the brachial arterial at the elbow produced, m suc- 
cession, flexion of the fingers with extension of the hand, shght flexion 
of the forearm on the arm, flexion of the hand, and finally pronation 
of the hand The movements were slow and contmuous and lasted 
approximately a half mmute They occurred in every one of the six 
patients with myotonia After the immediate effects had passed the 
patients did not observe any change m the myotoma Kolb, Harvey, 
and WhitehiU (75) state that “chmcally acetylchohne, acetyl-beta- 
metylchohne and carbimanochohne when tned by us and others have 
had no effect m myasthema gravis or on myotonus ” Acetylchohne 
and mecholyl (acetyl-beta-methylchohne) given subcutaneously did 
not affect the myotoma m the author’s patients (106) 

A marked muscular effect followmg subcutaneous mjection would be 
unlikely because of the rapid destruction of the drug The actions of 
acetylchohne have been divided mto the muscarme-hke action and the 
mcotme-hke action It is the mcotme-hke action which is responsible 
for the effect of acetylchohne on skeletal muscle (34) Acetyl-beta- 
methylchohne has practically no mcotme-hke actions and would not 
be expected to produce an effect on myotoma unless it did so as a 
result of its muscarme-hke or parasympathomimetric action (6) 
Atropine Hauptmann (63) m one case of dystrophia myotomca 
and Funfgeld (50) m two cases of dystrophia myotomca found no 
evidence of excessive general reaction to atropme, neither notes any 
effect on the myotonia Erb (41), Bremer and Mage (17), and Kesch- 
ner and Fmesilver (73) state that atropme had no evident effect on 
myotoma Weiss and Kennedy (146) observed a marked improve- 
ment m the myotoma followmg administration of atropme This 
effect of atropme was greatly enhanced by thyroidization of the pa- 
tient Pamboukis (104) also noted improvement m myotoma with 
atropme Keimedy and Wolf (71) list atropme as producmg ques- 
tionable improvement of myotoma and tmcture of belladonna as 
producmg questionable exaggeration In one patient the author 
observed no defimte effect followmg the mtravenous mjection of 
3 gr of atrop-^e (106) ^ ^ 

. B ' 


orted that benzedrme decreased the 
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drowsiness of a patient witi dystrophia myotonica and produced a 
feeling of well being but mentions no efifect on the myotoma In one 
of the author’s patients the oral administration of 40 mgm produced 
no definite effect on the myotoma in 70 mmutes 
Ergolamme Lmdsley and Cumen (88) report that ergotamme 
tartrate (O^S mgm mtravenously) did not affect the duration of the 
myotonia In one of the author’s patients 1 mgm subcutaneously 
did not produce an appreciable effect m SO mmutes 
Alcohol Improvement foUowmg the mgestion of alcohol has been 
reported by many authors It was observed by Blumenau (quoted 
from Erb (42)), Erb (42), Deleage (37), and recently reported agam by 
Russell and Stedman (117), and Kennedy and Wolf (72) 

Hyoscine The observation by Bremer and Mage (17) that hyo- 
seme did not affect the myotonia m their patient agrees with the 
author’s observation m two patients (106) 

Caffeine The mtravenous administration of 3i and 7J grams of 
caffeme to one of the author’s patients did not affect the myoto- 
nia (106) 

Clycocoll Slauck (129) states that glycocoU plus testicular hor- 
mone benefited patients with dystrophia myotonica but does not 
state whether the benefit mcluded decrease m myotonia Lmdsley 
and Cumen (88) observed no change m the myotonia m patients with 
dystrophia myotomca who took glycocoU Three of the author’s 
patients received glycocoU over a period of many months without 
showmg any appreciable change m the myotonia as judged by gross 

PTaminatao m 

Crcaline Poncher and Woodward (105) found that creatme m- 
gestion aggravated the my otonia m an infant with myotoma congemta 
(see below) and m an adult with myotoma congenita. Creatine 
administration, howev er, did not affect the myotoma of a patient with 
dystrophia myotomca and a patient with myotoma congemta studied 
by Milhorat and Wolff (97) 

Potassium Riis-eU and Stedman (117) state that the administra- 
tion of 5 grams oi potassium chlonde m solution by mo Jth produced a 
strikmg mcrease of the myotoma in a patient “ith myotonia con- 
gemta A similar but less strikmg effect was produced m a patent 
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With dystrophia myotonica Kennedy and Wolf (72) confirmed this 
observation Kolb, Harvey and WhitehiU (75) state that potassium 
chloride did not affect the myotoma m their patients. 

The following observations suggest that the further mvestigation of 
the relation of potassium metabolism to myotoma wiU yield valuable 
information 1) Glucose by mouth lowers the potassium level m the 
blood serum (3, 26) , many patients with myotoma state that a good 
meal appears to decrease the myotoma 2) Adrenahn lowers the 
serum potassium (3, 26) , adrenalin decreases myotoma 3) Insuhn 
lowers serum potassium (3) , insulin decreases myotonia (it should be 
noted, however, that the msuhn effect on myotoma appears to be due 
to adrenahn hberation, whereas, the effect on serum potassium wiU 
occur even if a drop m blood sugar is prevented by glucose) 4) 
Potassium by mouth mcreases serum potassium, potassium by 
mouth has been stated to mcrease myotoma 

Parathyroid Brock and Kay (19) observed no effect on the myo- 
toma m a patient with dystrophia myotomca while givmg parathyroid 
gland simultaneously with thyroid and potassium iodide Rouqu6s 
(115) observed no change m the myotoma m dystrophia myotomca 
from the use of CoUip parathyrme and considered treatment with this 
extract dangerous Lmdsley and Cumen (88) state that attempts to 
mcrease the calcium content of the blood by means of mjection of 
parathyroid extract (LiUy) did not succeed m raismg the calaum con- 
tent of the blood sufficiently to change the myotoma Kennedy 
and Wolf (71) list parathyroid as producmg improvement m myotoma 
but probably base this on the work of others Kolb, Harvey and 
Whitehill (75) observed no clmical change m the myotoma from m- 
jections of parathormone mtramuscularly (Lilly) m doses that pro- 
duced a defimte change m the blood calcium and phosphorus Poncher 
and Woodward (105) gave parathyroid extract to their patient with 
no benefit 

Anterior pituitary extract Kennedy and Wolf (71) list antenor 
pitmtary extract as producmg questionable exaggeration of myotoma 
No objective change m the myotoma was observed m one of the 
author’s patients who received fairly large doses of Anterior Pituitary 
Extract (Sqmbb) over a period of months Another patient beheved 
that the myotoma was defimtely less 

Testicidar extract Jensen (69) reported improvement m myotonia 
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following injections of orchitic substance Slauck (129) treated pa- 
tients with glycocoU and testicular extract ivith unprovement but does 
not mention any effect on the myotonia Wanng, Ravm and Walker 
(14S) observed no effect on myotonia from the mjection of large 
doses of testosterone propionate m three patients 
Pamboukis (104) used aspmn along with calaum and obtamed im- 
provement m myotonia Kolb, Harvey and WhitehiU (75) reported 
no change after the use of adrenal cortex Pamboukis (103) reported 
beneficial results after forty mjections of a solution of posterior pitui- 
tary Erb (41) thought that strychnine mcreaSed myotonia shghtly 
Johnson and Marshall (70) obtamed some improvement from strych- 
nme Pnnk (quoted from Kennedy and Wolf (71)) states that 
myotonia was improved foUowmg tablets of thymus gland by mouth 
Bremer (15) found that mtramuscular mjection of a 1 per cent novo- 
caine solution did not affect myotonia but did affect hypertonus of the 
type found m tetanus and Parkmsoman ngidity Physostiginine 
salicylate is listed by Kennedy and Wolf (71) as producmg shgbt exag- 
geration of myotonia Kennedy and Wolf (71) list veratnne as 
producmg a questionable exaggeration of myotonia and moslerol 
as producmg improvement Ketosis produced by diet did not affect 
the myotonia m a patient with myotonia congemta studied by Mil- 
horat and Wolff (97) 

Kolb (74) studied what appears to be a congemtal myotonia occur- 
rmg m goats In these animals q uinin e and other cmchona denva- 
bves, with the exception of quitemns, quitemdme, eucupme and 
atebrm reheved the myotome state Prostigmm and pilocarpme ag- 
gravated the sjTuptom and prostigmm reversed thepreviously beneficial 
effect of qumme. There was some suggestion that ephednne and 
banum mcreased the myotonia Atropme, adrenalm, potassium, 
calaum, magnesium, guamdme and alcohol failed to modify the 
myotonia. 

MYOTONIA ASSOCIATED WITH CONTBACTIONS PEODDCED BY MECHANICAL 
STIMOLI (mechanical MYOTONIA) 

Mechanical imlability of myotonic muscles 

A normal muscle may be made to contract by a mechamcal stimulus 
such as a blow with a percussion h a mm er The ease with which the 
muscles of the body may be stimulated to contract will depend m 
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With dystrophia myotomca Kennedy and Wolf (72) confirmed this 
observation Kolb, Harvey and WhitehiU (75) state that potassium 
chloride did not afiect the myotoma m their patients 

The foUowmg observations suggest that the further mvestigation of 
the relation of potassium metabohsm to myotoma will yield valuable 
information 1) Glucose by mouth lowers the potassium level m the 
blood serum (3, 26) , many patients with myotoma state that a good 
meal appears to decrease the myotonia 2) Adrenahn lowers the 
serum potassium (3, 26) , adrenahn decreases myotoma 3) Insuhn 
lowers serum potassium (3) , msulm decreases myotonia (it should be 
noted, however, that the msulm effect on myotonia appears to be due 
to adrenahn hberation, whereas, the effect on serum potassium will 
occur even if a drop m blood sugar is prevented by glucose) 4) 
Potassium by mouth mcreases serum potassium, potassium by 
mouth has been stated to mcrease myotoma 

Parathyroid Brock and Kay (19) observed no effect on the myo- 
toma m a patient with dystrophia myotomca while givmg parathyroid 
gland simultaneously with thyroid and potassium iodide Rouqu6s 
(115) observed no change m the myotoma m dystrophia myotomca 
from the use of CoUip parath 3 nine and considered treatment with this 
extract dangerous Lmdsley and Cumen (88) state that attempts to 
mcrease the calcium content of the blood by means of mjection of 
parath)T:oid extract (Lilly) did not succeed m raismg the calaum con- 
tent of the blood sufficiently to change the myotoma Kennedy 
and Wolf (71) list parathyroid as producmg improvement m myotonia 
but probably base this on the work of others Kolb, Harvey and 
WhitehiU (75) observed no chmcal change m the myotoma from m- 
jections of parathormone mtramuscularly (Lilly) m doses that pro- 
duced a defimte change m the blood calcium and phosphorus Poncher 
and Woodward (105) gave parathyroid extract to their patient with 
no benefit 

Anterior pituitary extract Kennedy and Wolf (71) list anterior 
pitmtary extract as producmg questionable exaggeration of myotoma 
No objective change m the myotonia was observed m one of the 
author’s patients who received fairly large doses of Anterior Pituitary 
Extract (Sqmbb) over a penod of months Another patient beheved 
that the myotonia was defimtely less 

Testicular extract Jensen (69) reported improvement m myotonia 



inroTONiA 


463 


following injections of orclutic substance Slauck (129) treated pa- 
tients with glycocoll and testicular extract with improvement but does 
not mention any effect on the myotonia Wanng, Ravm and Walker 
(145) observed no effect on myotonia from the mjection of large 
doses of testosterone propionate m three patients 

Pamboukis (104) used aspirin along with calaum and obtamed un- 
provement m myotonia Kolb, Harvey and WhitehiU (75) reported 
no change after the use of adrenal cortex Pamboukis (103) reported 
beneficial results after forty mjections of a solution of posterior pitui- 
tary Erb (41) thought that stryclmine mcreased myotonia shghtly 
Johnson and Marshall (70) obtamed some improvement from strych- 
nme Fnnk (quoted from Kennedy and Wolf (71)) states that 
myotonia was improved foUowmg tablets of thymus gland by mouth 
Bremer (15) found that mtramuscular mjection of a 1 per cent novo- 
caine solution did not affect myotonia but did affect hypertonus of the 
type found m tetanus and Parkmsonian ngidity Physosligmme 
salicylate is hsted by Kennedy and Wolf (71) as produemg shght exag- 
geration of myotonia. Kennedy and Wolf (71) hst veralrine as 
produemg a questionable exaggeration of myotonm and vioslcrol 
as produemg improvement. Ketosis produced by diet did not affect 
the myotonia m a patient with myotonia congemta studied by Md- 
horat and Wolff (97) 

Kolb (74) studied what appears to be a congenital myotonia occur- 
rmg m goats In these animals quimne and other cmchona deriva- 
tives, with the exception of quitenms, qmtenidinc, eucupme and 
atebnn reheved the myotome state Prostigmm and pilocarpme ag- 
gravated the ^mptom and prostigmm reversed the previously beneficial 
effect of qumme There was some suggestion that ephedrme and 
banum mcreased the myotonia Atropme, adrenahn, potassium, 
calaum, magnesium, guanidme and alcohol faded to modify the 
myotonia 

myotonia associated with CONTKACnONS PRODUCED BY MECHANICAL 
smruLi (mechanical myoionli) 

Mechanical irritability of myotonic muscles 

A normal muscle may be made to contract by a mcchamcal stimulus 
such as a blow with a percussion hammer The ease with which the 
muscles of the body may be stimulated to contract will depend m 
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great part upon their inherent imtabihty Myotonic muscles usually 
show an mcreased imtabihty to mechamcal stunuh The accessi- 
bihty of a muscle and its tension are also important factors m its 
response to mechanical stimulation The accessibihty of the muscle 
to stimulation is determmed by its location, superficial or deep, and 
the amoimt of fat m the subcutaneous tissues Stretchmg a muscle, 
and thus mcreasmg its imtial tension, mcreases the imtabihty of a 
muscle (149) A contraction can thus be obtamed by percussion of a 
stretched muscle when it caimot be obtamed from a relaxed muscle 

Myotonic phenomena 

The contraction and relaxation of a normal muscle followmg 
mechanical stimulation is rapid, the entire event usually taking less 
than a second, although m highly developed muscles it may last some- 
what longer The contraction and especially the relaxation of a 
myotonic muscle followmg mechamcal stimulation are prolonged 
If a large muscle, such as the deltoid, is stimulated, usually only the 
fibers struck contract and a furrow or a dimple is formed Small 
muscles may contract as a whole In the case of some muscles, as the 
chm muscles, contraction necessarily produces an elevation In those 
mstances where a furrow or a dimple forms, the slowness of the con- 
traction IS not as evident as is the persistence of the furrow or dimple, 
which may be for more than 30 seconds The small muscles of the 
thenar emmence contract as a whole, and here the slow contraction 
as weU as the abnormally slow relaxation are clearly seen 

It IS frequently found that many muscles which show no voluntary 
myotonia show mechamcal myotonia The converse has also been 
claimed to occur but this must be questioned In sibships showmg 
dystrophia myotomca, examination of apparently xmaffected mdivid- 
uals wiU sometimes show the presence of mechamcal myotonia when 
voluntary myotoma has not yet developed In some patients m 
whom the voluntary myotoma has improved for unknown reasons, the 
mechamcal myotoma has persisted 

As m the case of myotoma associated with voluntary contractions, 
the prolongation of the contraction produced by mechamcal stunula- 
tion decreases with repetition of the contraction (102, 133) A num- 
ber of attempts to determine decrease m mechanical myotonia pro- 
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duced by repeated voluntary contractions gave inconclusive results 
Mechanical myotonia vanes from day to day and with different bodily 
states, the factors mvolved have not been deterrmned Btirger and 
ScheUong (23) report a prolongation of mechamcal myotonia by cold, 
but Nyhn (102) repvorts that marked cold reduces the mechanical 
imtabdity so markedly that no reaction can be obtamed Decrease of 
mechamcal myotonia has been reported followmg mtravenous mjec- 
tion of calamn (88) and mtravenous mjection of quimne (71) 

The relation of the so-called “tdtomttscular coiilractwn” to myotonia 
IS of mterest When the muscles of some mdividuals are stimulated 
mechanically, the fibers contract and relai with normal rapidity but 
dunng the contraction of these fibers or immediately afterwards an 
elevation forms m the fibers at the pomt of stimulation The height 
which the elevation attains depends on the mtensity of the stimulation 
and the susceptibihty of the muscle to production of the phenomenon 
Jt is most likely to be seen m the pectoral muscles of patients suffenng 
from chrome fll nesses associated Tuih emaaation (30) The elevation 
forms rapidly, subsides gradually and disappears withm three to ten 
seconds With sufifiaently strong stimulation this idiomuscular con- 
traction may be produced m many normal mdividuals, so that it is 
necessary to distmguish it from mechamcal myotonia This is easily 
done if it IS remembered that m myotonia a furrow or dimple forms as 
a result of the persistence of the contraction of the stunulated muscle 
fibers. In the idiomuscular contraction the stimulated muscle fibers 
can be seen to contract and relax normally and at the same tune or 
immediately afterwards an elevation forms at the pomt of stimula- 
tiou. Idiomuscular contractions are sometimes seen m myotonic 
individuals, usually m muscles which do not show myotonia on 
mechanical stimulation Curschmann (32) thought that the tend- 
ency to formation of idiomuscular contractions was decreased m 
myotonia 

ItVOrOVIA ASSOCIATED WITH CONTRACTIONS PRODUCED BV ELECTRICAL 

snstULi (electrical iivotonia) 

Erb’s (41) description of the reactions of the nerves and muscles of 
myotonic patients to electrical stimuh has undergone only mmor 
modifications and a summary of his clear description serves as an 



466 


ABE RAVIN 


excellent background for understanding these reactions The reac- 
tion of the muscles to mechanical and electrical stunulation he called 
the “myotonic reaction ” Changes to electrical stimulation consisted 
of changes m irritability, that is, m the strength of current required 
to produce a contraction, and changes m type of response 

Nerves The motor nerves showed normal imtabihty to faradtc 
currents Contractions produced by very weak currents showed no 
myotoma Stronger currents produced myotome contractions m 
which the duration mcreased with mcrease m strength of current 
Smgle mduction shocks did not produce myotome contractions The 
galvamc imtabihty of the motor nerves was also quantitatively nor- 
mal ACC was often equal to or greater than CCC Contractions 
were always normal m character, that is, showed no myotoma 
Muscles The imtabihty of the muscles to faradtc stimulation was 
normal or somewhat mcreased Again a certam strength of current 
was necessary before the contractions produced showed myotoma and 
the degree of myotoma mcreased with mcrease m strength of current 
Contractions produced by smgle mduction shocks did not show myo- 
toma The galvanic imtabihty of the muscle was quantitatively 
normal or mcreased ACC was often equal to or greater than CCC 
Normal contraction could not usually be obtamed, espeaahy with the 
anode, even with weak currents, only slow tome contractions, per- 
sistmg durmg the flow of the current occurred Such contractions 
are obtained normally only with very strong currents (closmg tetanus) 
In these cases, of course, no opemng contractions were obtamed 
With weak currents the contraction stopped when the current was 
stopped, with stronger currents the contraction persisted for a vary- 
mg time after the openmg of the current 

Kramer and SeUmg (82) found m their careful study of the electrical 
reactions m myotoma that the myotome contraction foUowmg galvamc 
stimulation is more clearly seen if the muscle is stimulated at a distance 
from the motor pomt probably because m the region of the motor 
pomt stimulation of nerve mstead of muscle is obtamed Also, the 
difference m imtabflity between the motor pomt of the muscle and 
other parts of the muscle was less than normal By recordmg the 
contractions and usmg rapidly repeated stimuh, Jensen (69) showed 
that the contractions obtamed by single mduction shocks of the 
nerve or muscle show a small amoimt of myotoma It had been 
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overlooked because of its small degree, which is probably a result of 
the weakness of the contraction obtained from smgle mduction shocks 

Vanous other special types of reactions have been described 
Steinert and Passler (quoted by Curschmann (32)) found that fre- 
quently no myotonic contraction follows short galvamc or faradic 
stimulation, but if the stimulus is prolonged and the strength re- 
mains the same, a myotome contraction occurs Erb’s “double con- 
traction” (102), obtained on galvanic stimulation of the muscle with 
strong currents, is a quick contraction followed by a more prolonged 
contraction This is most clearly seen when the muscle is stimulated 
at the motor pomt (82) and probably depends upon stimulation of 
both nerve and muscle (81) Erb’s (41) “wave phenomenon” is best 
seen when the stimulatmg electrode is placed not directly on the 
muscle but at the end of the tendon Wth a galvamc current of 
sufficient strength, a tome contraction is first produced which changes 
mto a restless, undulating motion of the muscle Contraction waves, 
following each other at about one second to three second intervals, 
move through the body of the muscle, the movement is toward the 
electrode, if it is the anode, and away from it, it it is the cathode 

As m the case of mechamcal myotonia, electncal myotonia is 
usually more widespread than voluntary myotonia and probably can 
be found before voluntary myotonia makes it appearance The dura- 
tion of the myotoma decreases with repetition of the contractions 
produced by both faradic and galvamc currents (12, 31, 38, 69, 82, 
102) Delprat (38) states that electncal myotoma is decreased by 
precedmg voluntary contractions Mild degrees of cold are said to 
mcrease the myotome reaction (123) but marked cold decreases the 
electncal imtabihty almost to extraction (102) \Vhen atrophy is 
assoaated with the myotoma, the exatabihty of the muscle is usually 
diminished and stronger currents are necessary for production of the 
reactions Kennedy and Wolf (71) report that the myotonic reaction 
to mechanical and galvamc stimulation was unchanged after spinal 
anesthesia and was abolished by qmnrae intravenously 

BLOOD CONSTITOENTS AND UETjVBOLISlI IN DISEASES ISSOCIATED Wmi 
MYOTONIA 

Many studies have been made on the composition of the blood and 
the metabolism in patients witli myotonia In general the restlfu , 
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have been normal and when abnormal therr relation to myotoma has 
been questionable Blood calcium determmations both m patients 
with myotoma congenita and patients with dystrophia myotomca 
have been normal m almost all cases, rarely, they have been low The 
cholmesterase of the blood has been studied (95, 117, 134) m several 
cases with varymg results which pemut no mteipretation, especially 
m view of the general difficulty at present of mterpretmg chohnester- 
ase values Blood bromide (4), blood lodme (4), blood sodium (60), 
blood potassium (60) have been reported as normal m patients with 
dystrophia myotomca Alkalme reserve has been reported (4) as high 
normal or shghtly mcreased The basal metabohc rate is lowered m 
dystrophia myotomca but the myotoma is not improved by adminis- 
tration of thyroid Creatme metabolism has been studied m myo- 
toma congemta and m dystrophia myotomca by many workers (47, 
75, 96, 99, 105, 111, 129) but no relation between myotoma and crea- 
tme metabohsm has been defimtely shown except where hypothyroid- 
ism is also present (105) 

PATHOLOGICAL CHANGES IN MYOTONIC MUSCLES 

Erb (41) considered the pathological changes m myotonic muscles to 
consist mainly of an enormous hypertrophy of the fibers and a great 
mcrease m sarcolemma nuclei, m addition, an mdistmctness of the 
transverse stnations, some vacuole formation, and a slight mcrease 
of the mterstitial connective tissue were also frequent Jacoby (68) 
found that if the muscle were fixed while it was extended, it appeared 
more normal and he felt that most of the findmgs considered character- 
istic of myotoma were artifacts resultmg from the marked tendency of 
the muscle fibers to contract after removal from the body Slauck 
(128) also reported that the hypertrophy was not very marked and 
the mcrease m sarcolemma nuclei was shght He found the variation 
m size of the fibers to be stnkmg at times Comroe (28) found m- 
crease m size of the muscle fibers and an mdistmctness of the cross- 
stnation but no mcrease m the sarcolemma nuclei 

Where myotoma is associated with atrophy, as m dystrophia myo- 
tomca, marked and rather characteristic changes are evident m the 
muscles These need not be described here, a good descnption can 
be found m the article by Adie and Greenfield (2) 
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LOCATION OP THE DEPECT IN MYOTONIA 

Mudi discussion has arisen from the question of whether myotonia 
IS the result of a change m the muscles (myogemc) or m the nervous 
system (neurogenic) Efforts to settle this question have m great 
part centered around attempts to detennme whether the prolonged 
contraction is associated with action currents A nervous stimulus 
causes the muscle fiber as a whole to contract and produces a wave of 
electrical change (action current) which travels throughout the 
length of the muscle fiber A muscle stimulated at such frequent 
mtervals that it remains m a persistent state of contraction is said to 
be m tetanus If the electromyogram should show evidence of action 
currents during myotoma, there is some basis for assummg that the 
contraction is produced by repeated nerve impulses, this may be 
taken as evidence for a neurogemc ongm of myotonia If action 
currents are absent, myotonia is probably a contracture A con- 
tracture 13 a sustained contraction m which, m contrast to tetanus, 
action currents are absent and the contraction is not propagated 
through the muscle fiber (54) A contracture is the result of a change 
m the muscle and the mechamcal change or shortenmg persists for an 
abnormally long time after the stimulus producmg the contracture has 
ceased A contracture although not associated with action currents 
may be accompanied by a slow change m potential without oscillations 
mdicatmg action currents Schaffer (121), Adie and Greenfield (2), 
Condorelh (29), Luisada (90), and Mikamo and Hisajoshi (94) reported 
the absence of action currents durmg the prolonged myotonic contrac- 
tion and beheved that myotonia had its ongm m the muscle In 
addition Condorelh (29), hlikomo and Hisajoshi (94), and Luisada 
(90) found the contractions to be associated with the alow potential 
change considered characteristic of contractures 

On the other band Gildcmeister (56) found action currents m myo- 
toma following voluntary contractions, Gregor and Shilder (57) found 
action currents m voluntary myotome contractions and myotonic 
contractions produced by faradic stimulation but faded to find action 
currents associated with mechamcal myotoma or myotonia foUowmg 
galvanic stimulation, BUrger and Schcllong (23) foimd action currents 
assoaated ivith mechamcal myotonia, and Lmdsley and Cumen 
(88) found action currents m voluntarj and mechanical myotonia 
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Gregor and Shilder, and Lmdsley and Cumen believed that myotonia 
was neurogemc and of reflex ongm Lmdsley and Cumen believed 
that it was due to the persistent discharge of hyperexcitable sensory 
end-organs m the muscle, a proprioceptive reflex The possibihty of 
an “imbalance of the mechamsm of reciprocal innervation whereby 
inhibitory processes are insuffiaent to abolish residual excitatory ones” 
was also suggested by Lmdsley and Cumen but rejected as unhkely 

Attempts to distmguish a tetanus from a contracture by the presence 
or absence of action currents, however, are beset with many difficulties 
On the one hand, if no oscillations are found the objection may be 
made that the mstrument used to record electrical variations was not 
sufficiently sensitive or responsive Hoffmann (66) found oscilla- 
tions m the classical veratrme contracture and beheved the contrac- 
tion was a tetanus and that the workers who had failed to And action 
currents had not used suffiaently sensitive mstruments On the 
other hand, if action currents are found they may be considered as 
resultmg from fibrillary twitchmgs superimposed upon a contracture 
Such fibnUary twitchmgs are frequently seen m acetylcholme and 
veratrme contractures Schaffer (120) found action currents asso- 
ciated with Tiegel’s contracture m man The presence of action 
currents does not, therefore, appear to rule out a contracture The 
action currents found by Lmdsley and Cumen (88) may well be 
produced by a proprioceptive reflex and yet may not be the cause of 
the myotonia The sudden catch which frequently occurs durmg 
relaxation (fig 1), appears to result from the dual nature of the 
myotonic contraction The catch may, however, by stretchmg the 
muscle, result m a reflex stimulation and contraction of some of the 
muscle fibers 

Several workers have performed experiments which apparently 
exclude a central ongm for myotoma Gnmd (59) reported that the 
myotome reaction persisted m hmbs paralyzed by intrathecal mjec- 
tion of stovame, so that all spontaneous and reflex activity was absent 
Schaffer (121) showed that myotoma persisted when the nerve endmgs 
m the muscles were paralyzed by regional anesthesia Kennedy and 
Wolf (71) found that mechanical and electneal myotoma persisted 
followmg spmal anesthesia and that the effect of quinine m mhibitmg 
myotoma was present after spmal anesthesia These experiments 
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funuah proof tliat the location of the disturbance producing myotonia 
IS peripheral, m the muscle or m the neuromuscular junction 

Bhrger and Schellong (23) from their experiments and Biissow (24) 
on the basis of Grund’s (59) and Schaffer’s (121) experiments deaded 
that although the contraction was a tetanus it vms due to a change 
m the muscle They give no clear explanation of how this rmght 
occur but m this connection the character of the contraction of a 
glycerm poisoned muscle might be mentioned Sollman (132) states 
“The muscles poisoned with glycerm respond to smgle stimuh by 
prolonged contraction, the curve havmg a superfiaal resemblance to 
that of veratnne, but bemg rather more irregular The glycerm 
contraction is, however, a true tetanus, due to greater irritability of 
the muscle substance, the action current of each contraction sufficmg 
to start another contraction ’’ A tetanus might thus have a peripheral 
ongm 

Strong evidence m favor of a penpheral defect m\ olvmg the muscle 
Itself rather than the neuromuscular junctions is obtamed by compar- 
mg the characteristics of myotonia to those of contractures (106) 
A bnef description of a group of closely related though diversely 
produced contractures and a comparison of their characteristics with 
those of myotoma will serve to show the relationship The contrac- 
tures to be descnbed are veratrme contracture, Tiegel’s contracture, 
neuromuscular contracture and acetylchohne contracture 

If a stnp of frog’s muscle is immersed m a veratrme solution, 
stimulation no longer produces a rapid contraction and relaxation but 
results m a rapid contraction followed by a slow relaxation, the so- 
called veratnne contracture In some very imtable muscles a similar 
slow relaxation may be seen on strong electncal stimulation of the 
muscle m the absence of veratrme This prolonged contraction is 
known as Tiegel’s contracture, it is commonly seen m the laboratory 
on repeated stimulation of highly imtable frog’s muscles Kruse (84) 
has shown that the same type of prolonged contraction obtamed by a 
very strong stimulus could be produced by a stimulus of moderate 
mtensity following veratrme and It seems justifiable to conclude \nth 
Gasser (54) that veratrme only reveals a fundamental characteristic 
of skeletal muscle 

Tiegel’s contracture has also been shown to be present m man by 
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Mosso (100) and by Schaffer (120) On direct stimulation of the 
flexor muscles m the forearm by strong galvanic or faradic currents 
at two-second mtervals, the slowness of relaxation becomes evident 
m a few contractions, reaches a maximum after several contractions 
and then gradually disappears Schdffer (120) found that mdi- 
viduals varied markedly m the degree to which they showed this 
contracture and thought it possible that those who showed it m a high 
degree bordered on the pathological Smce the contracture occurs 
even when the brachial plexus is blocked by novocame (120), reflex 
production of the contracture is ruled out 

Most attempts to produce contractures by stimulation of the nerve 
have been unsuccessful but Bremer (16) has shown that a contracture 
can be produced m frog’s muscle qmte regularly by smtably spaced 
electncal stimuh to the nerve Such neuromuscular contractures are 
most easily produced m those muscles which show Tiegel’s contracture 

Acetylchohne m adequate concentration produces a contracture m 
many of the muscles of a frog but not m normal mammahan muscle 
If the nerve to the muscle is permitted to degenerate, mammahan 
muscle shows a response to acetylcholme similar to that of frog’s 
muscle Those amphibian muscles which show the greatest sensitivity 
to acetylchohne exhibit the most marked Tiegel’s contractures (142) 
It seems probable that the sajne fundamental tendency to contracture 
IS mvolved m these mstances 

It IS seen from the above that a tendency to reaction by contracture 
exists m the muscle This “contracture reaction tendency” vanes m 
different animals and m different muscles of the same animal It is 
augmented by veratrme and by denervation It may be brought out 
by electncal stimulation of the muscle (Tiegel’s contracture), by elec- 
trical stimulation of the nerve (neuromuscular contracture), or by 
acetylchohne 

It IS evident that myotoma foUowmg voluntary contraction is com- 
parable to neuromuscular contracture Their identity has been 
advanced by Bremer (16, 17) Myotoma foUowmg electrical stimu- 
lation IS comparable to Tiegel’s contracture, espeaaUy as descnbed 
m man by Mosso (100) and by Schaffer (120) This similanty of the 
myotome reaction and Tiegel’s contracture m man, pomted out by 
Schaffer (119), is so marked that it is difficult to avoid the conclusion 
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that they are different degrees of the same phenomenon The sirm- 
lanty of myotoma to the contractures described will be evident on 
comparison of their reaction to different drugs and conditions 
Possibly the most sinking similanty is what has been called the 
“fatigabihty” of the contractures, that is, m a succession of contrac- 
tions, the contracture decreases and soon leaves After a rest the 
contracture returns The “fatigue” of the contracture, however, 
occurs long before the muscle fatigues Myotonia, Tiegel’s contrac- 
ture m frogs (54) and m man (120), veratnne contracture (54), and 
neuromuscular contracture (16), show this fatigabihty It is not 
obvious m acetylchohne contractures 
Epmephnne inhibits Tiegel’s contracture m man (120) Epmeph- 
nne mjected immediately before or simultaneously with acetylchohne 
inhibits or totally prevents the production of acetylchohne contrac- 
ture m denervated mammalian muscle (55) The effect of epmephnne 
on voluntary myotonia has been noted above Epmephnne has not 
been shown to have any effect on veratnne contracture or neuro- 
muscular contracture (14) 

Quimne suppresses veratnne contracture (62), neuromuscular con- 
tracture (18), acetylcholine contracture m denervated marnmnlinn 
muscle (62), and myotonia 

Atropme decreases the height of Tiegel’s contracture (120, 142), 
neuromuscular contracture (14), acetylchohne contracture (20, 33, 
109), and veratnne contracture (110) The effect of atropme on 
myotoma has been sbght m most cases but m one patient (146) it 
markedly decreased the myotoma The lack of effect usually observed 
may well be correlated with the large doses requued to show an effect 
in the case of most of the contractures 
Caldura decreases veratnne contracture (85), acetylchohne con- 
tracture (54), and myotoma, 

Esenne mcreases acetylchohne contracture (20, 33), facditates the 
production of neuromuscular contracture (46) and increases Tiegcl’s 
contracture m man (120) Prosdgmin, chemically related to esenne 
and havmg a similar action, aggravates myotoma. 

Alcohol decreases myotoma and also inhibits veratnne contracture 
(v Fray— quoted by Schuller and Athmer (124)) 

Lanon’s results (86) desenbed above suggest an increased sensitivit} 
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to acetylcholiae and an mcreased tendency to contracture reaction of 
myotonic muscles 

It IS evident that the properties of myotonia are largely those of the 
group of contractures which have been described If myotoma is 
considered to be a contracture, it would follow that the defect is par- 
tially or entirely m the muscles 

Additional msight into the location of the defect m myotonia and 
the status of the neuromuscular transmission is obtained by analyzmg 
that characteristic of myotoma which has been described as “the dual 
nature of the myotome contraction ” Smee the duration of the 
myotoma is not affected by the duration of an assoaated tetamc 
contraction (see above), the stunuh which mamtam tetamc contrac- 
tion must not affect the myotoma Myotoma sets in only when the 
muscle contracts and not durmg mamtenance of the contraction, the 
nerve impulses produce myotonia when they cause contraction of the 
muscle but not when they mamtam contraction This observation 
combmed with the known effectiveness of stimuh other than nerve 
impulses (mechamcal and electrical stimuh) m producing myotoma 
makes it reasonable to conclude that the manifestation of myotonia 
IS more dependent on the changes associated with actual contraction 
than on the nature of the stimulus produemg the contraction This 
means, of course, that the defect is m the muscle A defect m neuro- 
muscular transmission could play only a minor accessory part m 
production of myotoma 

Analyzmg the dual nature of the myotome contraction from a dif- 
ferent viewpomt, it can be shown that myotoma cannot be explamed 
as resultmg from an abnormahty of the neuromuscular transmission 
alone Let us assume that the muscle is normal m myotonia and that 
myotoma is due to an abnormahty of the neuromuscular transmission 
resultmg m a prolonged stimulation of the muscle. In terms of the 
chemical h3rpothesis of neuromuscular transmission, such a prolonged 
stimulation would mean an excessive hberation of acetylchohne by 
the nerve impulse or a defiaent action of cholmesterase or both 
Under such circumstances, the longer the duration of tetanus, the 
longer would be hberation of acetylchohne and the more marked the 
resultmg myotoma This, of course, does not agree with the observa- 
tions If, moreover, a muscular defect is assumed to be the mam cause 
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of the myotonia, the occurrence of a defect m neuromuscular trans- 
mission of the above descnbed type as an additional factor is unlikely 
From the observation that the stimuh which mam tarn tetamc contrac- 
tion do not aSect myotonia, a neuromuscular defect would be expected 
to afiect the tetamc contractions rather than the myotonia Although 
more careful study of the tetanic contractions is necessary, they appear 
to be of normal character 

The existence of an mcreased sensitivity of the muscle to acetyl- 
chohne is suggested by Lanan’s observation on the effect of mtra- 
venously mjected acetylcholme m patients with myotonia, A normal 
stimulus, one m which the acetylcholme hberated was normal m 
amount and normally destroyed, would be relatively excessive to a 
sensitive muscle fiber, but the muscle fiber, accordmg to the "all or 
nothmg prmaple,” should respond no differently than it would to a 
stimulus which was merely adequate An mcreased sensitivity of the 
muscle fiber to acetylcholme cannot m itself cause myotonia and is of 
importance only when considered m association with the abnormal 
tendency of the muscle fiber to respond with myotonia 

Because of the contrast which myotonia shows to myasthenia, both 
m clinical features and m the responses to vanous drugs, Harvey (61) 
beheves that myotonia is due to an abnormahty of neuromuscular 
transmission, “the threshold of the end plates being lower, or the trans- 
mitter of exatation from the nerve endmgs bemg more slowly de- 
stroyed, than m the normal muscle ” The foUoivmg evidence is given 
m support of this hypothesis 1) quinme, which has a curare hke 
action m decreasmg the exatabihty of the end plates (62), alleviates 
myotonia, (2) prostigmm, which inhibits chobnesterase and therefore 
the destruction of acetylcholme, aggravates myotonia, 3) potassium 
ions, which lower the threshold at the motor end plates, aggravate 
myotonia Objections to the explanation of myotonia on the basis 
of increased sensitivity of the muscle fiber to acetylcholme or delayed 
destruction of acetylcholme have been given It has, moreover, been 
pomted out (106) that the action of the drugs may be mterpreted m a 
different manner Esenne appears from the work of Ftng and 
Shen (46) to have an action on the muscle which may be interpreted 
as mcreasing the contracture reaction tendency of the muscle A 
sumlar action of prostigmm would account lor its effect on mjotoma 
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Doubt IS cast on the importance of the curare-hke action of qmnme 
m myotoma by the observation that epmephnne, which also alleviates 
myotonia, has a decuranzing action similar to that of potassium 
ions (112) On the other hand both qmnme and epmephnne inhibit 
the contracture reaction of denervated mammahan muscle to acetyl- 
cholme and potentiate the response of skeletal muscle to single maxi- 
mal mduction shocks (62, 25) Qumine, m addition, mcreases the 
refractory penod of skeletal muscle (62) It is evident that the drug 
actions furnish no basis for assuming a neuromuscular defect m 
myotoma 

It may be concluded that the defect m myotoma is mainly or entirely 
m the muscles and that a defect of neuromuscular transmission could 
not adequately explam the observed phenomena and is probably 
not present 

RELATION OF THE ENDOCRINE GLANDS TO MYOTONIA 

A disturbance m one or more of the endocrme glands has been 
suggested as the cause of the change m the muscles Probably 
because of the superficial resemblance between tetany and myotonia, 
the parathyroids most frequently have been thought to be at fault 
That this resemblance is only of the most superfiaal type was pomted 
out by Erb (41) In contrast to tetany which is frequently painful, 
occurs spontaneously, is localized mainly m the extremities m the same 
pattern, and is produced by pressure on the nerve trunk or vessel, 
myotonia is not pamful, occurs always m connection with certam 
voluntary movements, has the form and localization of the movement 
made, and cannot be produced by pressure on the nerve trunk or large 
vessels In tetany the mechamcal, faradic and galvanic imtabihty 
of the nerves are defimtely mcreased, m myotoma they are normal or 
even decreased In tetany the mechamcal and electrical imtabihty 
of the muscle are not mcreased and the contractions are always short, 
rapid, and without after duration, m myotonia the imtabihty of the 
muscles is mcreased and the contractions are myotonic Blood cal- 
aum determinations m myotoma have usually been normal and para- 
thyroid hormone ha5 not been shown to aSect myotoma It is readily 
evident that if myotoma has any relation to the parathyroids, the 
evidence rests on an unfotmded behef m the siimlanty of tetany and 
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myotonia and possibly on the fact that calaum does, at least at tunes, 
decrease myotonia It may be said that good evidence is lackmg that 
myotonia is due to an abnormahty of the function of the parathyroids 

It wiU be shown that hypothyroidism is associated m some mdi- 
viduals with myotoma On the other hand most patients with myo- 
toma congemta do not show evidence of thyroid dysfunction If 
patients with dystrophia myotonica show thyroid dysfunction it must 
be connected with their other dystrophic symptoms and not with the 
myotonia Th3noid medication has not been effective m myotonia 
congemta or dystrophia myotonica 

The several cases which have been reported m which the myotonia 
was worse during menstrual penods and dunng pregnancy suggest 
some effect of the gonadal hormones on myotonia but nothmg which 
exclusively implicates the gonads The effect of adrenahn shows that 
the adrenals may affect myotonia but evidences of adrenal msufificiency 
are not usually present and cortical extract is without influence The 
pituitary, whose manifold fimcbons are bewildenng, may possibly 
mfluence myotonia but no well known function can be associated with 
the muscle change and no good reason exists for postulatmg such a 
function Insulm probably affects myotonia through mobilization 
of adrenahn 

The relation of the endocrine glimds to myotonia may be sum- 
marized by the statement that although good evidence exists for behev- 
ing that myotonia is definitely influenced by the endocrine glands, 
evidence that the myotome change m the muscle is produced by any 
one of the endoerme glands is lackmg To suggest a polyglandular 
cause clanfies nothmg and has no greater evidence m its favor 

HELATION OF THE AUTONOMIC NEHVOUS SYSTEM TO MYOTONU 

Mainly because evidences of midbtam mvolvementhavc been found 
in a few patients with dystrophia myotonica, this malady has been 
asenbed by some to a lesion m the mesencephidon (83, 115, 116) 
The effect on the muscle is said to be mediated either through the 
autonomic nervous system or by the endoerme glands Recent evi- 
dence that sympathetic nervous fibers produce their effects by the 
liberation of either acetylchohne or an adrenalin like substance makes 
It difiScult to understand how the sympathetic nervous system could 



478 


ABE RAVIN 


affect a muscle so as to produce myotoma Acetylcholine is beheved 
by many to be the normal agen^t of neuromuscular transmission m 
skeletal muscles and adrenahn has been shown to decrease myotoma 
It IS possible but unlikely that acetylchohne hberated by the para- 
sympathetic nerve fibers m some region of the muscle fiber other than 
the end plate is the cause of the myotonia, or that the sympathetic 
nervous fibers are contmually hberatmg adrenalm m the muscle fibers 
and myotoma is the result of a decrease m this adrenahn hberation 

OCCURRENCE OE MYOTONIA 

Myotonia congenita 

Myotonia occurs m its most t 3 ^ical form m myotoma congemta 
This rare disease is hereditary and transmitted as a smgle factor 
dommant Affected members of the family transmit the disease to 
half their children , normal members of the family do not transmit the 
disease (101) The disease begms m the first or second decade of life, 
mcreases m seventy for a while and then remains more or less sta- 
tionary although periods of exacerbation and remission may occur 
Some members of affected famihes may be so shghtly affected that 
under normal conditions they are apparently symptom free and have 
difficulty only dunng penods of special stress, such as pregnancy, 
menstruation, or an acute infectious illness Griffith (58) descnbes a 
woman who had difficulty with myotoma only dunng pregnancy, her 
son had typical myotoma congemta Lord (89) teUs of a woman who 
had a difficulty similar to her myotome brothers only dunng the week 
before her menstrual penod Occasionally farmhes are desenbed m 
which the disease decreases m seventy as the members grow older 
Especially mterestmg m this respect is a myotome family desenbed 
by StattmuHer (133) m which a IS year old boy developed severe 
myotonia quite suddenly and then gradually improved, so that, when 
seen three years later the only evidence of his previous condition was 
the presence of mechanical and electneal myotoma m a few muscles 
Bhs 42 year old mother stated that she had the same difficulty and 
that it had started at the age of 8 years, it was greatly aggravated 
dunng her menstrual penods and pregnancies and gradually left as 
she grew older until she became practically free 

Most of the muscles of the body are usually mvolved but with vary- 
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mg seventy Associated with the myotonia is a hypertrophy of the 
muscles which makes the patient look markedly athletic The 
strength of the hypertrophied muscles is not, however, in proportion 
to their size and may even be less than normal Vanous psychic 
derangements occur m the members of affected famihes but their 
unportance has been questioned (101) Muscle atrophy is said to 
occur m a certam proportion of the cases but m view of the confusion 
of myotonia, congenita and dystrophia myotomca m early literature, 
these cases must be looked upon with suspiaon The disease is not 
fatal and before the benefiaal effect of quimne was discovered these 
pabents were able to manage qmte well by avoidmg sudden move- 
ments and "wanmng up” before attemptmg marked exertion Qm- 
rune greatly decreases the disabihty, its effect on the muscular hyper- 
trophy has not yet been reported 

Dystroplna myotomca (myotoma airophtca) 

Evidence today mdicates that dystrophia myotomca occurs much 
more frequently than myotonia congemta and should no longer be 
considered a rare disease Although dystrophia myotomca is trans- 
mitted as a dominant characteristic, this dommance is modified by 
‘'progressive inheritance”, that is, the disease occurs at an earher age 
(antiapation) and m more severe form (potentiation) m succeedmg 
generations As a result of this progressive inheritance the parents 
of patients often appear to be normal, whereas, the children of patients 
develop the disease at an earher age than the parents and the disease 
tends to disappear from famihes (107) In this disease myotoma is 
not as important as it is m myotoma congemta, because it is less wide- 
spread and not as disablmg as many of the other symptoms Myo- 
tonia IS present mainly m the hand grasps but also may occur m the 
muscles of mastication and the leg muscles, and may occasionally 
mvolve most of the muscles of the body Mechamcal and electncal 
myotonw are more widespread than voluntary myotoma The most 
disablmg feature of the disease is a progressive muscular atrophy which 
with Its associated weakness is usually the symptom which brings the 
patient to the doctor The atrophy m its early stages show* a dcfl- 
mte pattern, mvolvmg mamly the muscles of the foreim' 
cleidomastoids, the faaal muscles, the quadnccps, and 
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of the feet The atrophy is later more general A rather character- 
istic cataract is sometimes the earhest evidence of the disease and is 
foimd m most patients if a sht lamp examination is made Other 
important extramuscular symptoms mdude testicular atrophy, bald- 
ness, low basal metabohc rate, and occasionally mental changes (145) 
These patients, unlike those with myotoma congemta, frequently die 
as a result of lowered body resistance produced by the disease 

Myotoma congemta internnttens and paramyotonia congemta 

Smce Eulenburg (43) m 1886 and Martius and Hansemann (93) m 
1889 descnbed families with hereditary muscular disorders which 
became evident only under the influence of cold, a number of such 
families have been descnbed Although the charactenstics of the 
muscular disorder m the vanous famihes apparently show a wide 
diversity, certam similanties m the occurrence and nature of the dis- 
turbance suggests a close relationship Pomts of similanty are as 
follows 1) The fimdamental charactenstic on the basis of which all 
of these families may be grouped together is the appearance of the 
disorder only under the influence of cold When the patients are 
warm they consider themselves perfectly normal No preapitatmg 
factor other than cold is admitted The relative change m tempera- 
ture is more important than the absolute temperature Temperatures 
at which patients may have no symptoms m the wmter will produce 
symptoms if the patient is suddenly exposed to them in the summer 
After the effect of cold has set m, it usually persists for several hours 
and IS only reheved by the apphcation of warmth 2) Heredity is 
marked m each case The type of heredity is, furthermore, very 
similar to that of Thomsen’s disease which may safely be said to be 
a smgle factor dominant (101) Many of the authors remark on the 
occurrence of the disease only m the children of affected mdmduals, 
the children of normal mdmduals remam normal The percentage 
of affected mdividuals is also close to the 50 per cent which would be 
expected m this type of heredity In almost all cases the disease is 
manifest as far back as the patient can remember and is apparently 
present from birth This onset is somewhat earher than is usual for 
Thomsen’s disease 3) The muscles most often affected are those of 
the forearm and hand The facial muscles and those of mastication 
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are almost as commonly affected and the leg muscles are usually 
affected only m marked cold 4) Pains and paraesthesias are almost 
always absent 

Although the muscle disturbances appear to be of diverse nature, 
careful study shows that the vanous types can be arranged m a senes 
according to the response to cold This has been done m table 2 
Before considenng the table it is necessary to review the effect of cold 


TABLE 2 
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on normal mdividuols and on patients wth myotonia That some 
difficulty m movement results from the action of cold m normal mdi- 
viduals is well knoivn SBlder (131) has shown that the difficulty 
consists of an appreaable decrease m strength, a slowness of contrac- 
tion espeaally evident dunng relocation, and some decrease in imta- 
bihty to the faradic current In mjotoma a definite decrease in 
strength occurs which is probably more marked than m normal 
individuals Voluntary myotonia is usually maeased The effect 
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of cold on medianical and electncal myotonia has not received much 
attention but from the work of Burger and Schellong (23) on myotoma 
congemta, Nyhn (102) on dystrophia myotomca and Schott (123) on 
paramyotoma, the foUowmg changes probably occur Moderate cool- 
mg leads to an mcrease of mechamcal and electrical imtabihty and 
an mcrease m myotoma Marked coohng results m a decrease to 
total absence of the mechamcal and electncal imtabihty These 
effects of cold on myotonia are tabulated m table 2 The myotome 
muscle IS thus affected by cold m the same direction as normal muscle 
and although this effect is somewhat greater m degree than m the 
normal muscle, it is not severe enough to constitute a marked abnor- 
mahty In those mdividuals whose symptoms are evident only under 
the influence of cold, however, the mcreased sSnsitmty to cold con- 
stitutes the most important defect The manner m which this sensi- 
tivity to cold manifests itself apparently vanes with other changes 
m the muscles 1) In some muscles the reaction to cold consists m 
spontaneous contractions which are associated with and followed by 
marked weakness 2) In some muscles the reaction to cold consists 
m a myotome disturbance 3) In some muscles the reaction to cold 
IS a combmation of (1) and (2) If the vanous famihes which have 
been reported are now examined, it is evident that they fall very 
mcely mto these three groups 

In the family desenbed by Eulenburg (43, 44) the reaction of cold 
was that of spontaneous contractions and marked weakness , Del- 
prat (38) has desenbed a similar family and the Amencan family 
reported by Rich (108) is apparently of the same type The essential 
characteristics of this condition are shown m table 2 In warm 
weather the patients have no muscular difficulty In cold the muscles 
of the forearms and hands, face, and occasionally of the legs become 
stiff, and if the effect is marked, spontaneous persistmg contractions 
occur In some regions the spontaneous contractions last only a 
short time and are followed by a state of marked weakness This 
paralyzmg weakness is the outstandmg symptom The condition 
usually lasts for several hours and is reheved only by warmth A 
myotome reaction is not present either m warmth or m the cold The 
electrical imtabihty of the muscles is somewhat decreased at normal 
temperatures and markedly decreased m the cold That this condi- 
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tion differs from myotonia but is closely related is well shown by Del- 
prat’s family Two members of a family m which weakness and 
stiffness of the muscles occurred under the influence of cold, developed 
typical pictures of myotonia congemta The patients defimtely sepa- 
rated their troubles mto the one produced by cold which they had had 
since buth like the rest of the afflicted members of the family and 
the stiffness which had come on during puberty and was present only 
on mitiatmg movements 

In the patients descnbed by Martius and Hansemonn (93) and 
especially by Serog (125), cold produced a myotome disturbance 
These patients had no difficulty m warm weather, but under the 
influence of cold developed a defimte voluntary myotonia Although 
Martius and H a n sematm state that there was no rmprovement m the 
myotoma with repeated movements, Serog’s findmg that the myo- 
tonia decreased with contmued movement is to be expected The 
strength of the contraction was not greatly decreased A myotome 
reaction was present m the cold but not m the warmth It is prob- 
able, however, that some of the members of the family would also 
show the myotome reaction m the warmth Martius and Hansemann 
called the condition “myotoma congemta mtermittens" and Serog 
called It "paramyotoma congemta." From the stnndpomt of pnonty 
and appropriateness “myotonia congemta mtermittens” is the prefer- 
able designation for this condition , 

SSlder (131) and Schott (123) have descnbed famihes under the 
title of paramyotonia congenita which differ from the family descnbed 
by Eulenburg In the members of their families cold produced both 
the marked weakness and the myotoma, that is, the combined tj'pe 
of reaction As m the other famihes, the patients had no difficulty 
with voluntary movements m warm weather Even m warm weather, 
however, many of the members had a myotome reaction of greater 
or lesser degree In cold the patients had marked difficulty with 
voluntary movements consistmg of a prolongation of voluntary con- 
tractions and a marked weakness of the muscles The weakness of 
the muscles mcreased rapidly with repetition of movements This 
mcreasmg weakness may account for the fact that the prolongation 
of contractions also became more marked as the movements acre 
repeated The muscles felt hgbt and firm and with more marked 


484 


ABE RAVIN 


cold spontaneous persisting contractions and marked paralyzmg weak- 
ness set m The myotome reaction was somewhat mcreased with 
smaller degrees of cold but with more marked cold the muscles lost 
aU or nearly aU imtabihty Improvement occurred only with warmth 
It IS clear that defimte differences exist between this condition and 
that described by Eulenburg although both have been called para- 
myotoma congemta This term probably fits the disease described 
by Solder and by Schott better than that described by Eulenburg but 
it was first used by Eulenburg A new designation nught be con- 
sidered for one of the diseases but it is probably best to call both dis- 
eases “paramyotoma congemta’’ and quahfy them as ‘‘paramyotonia 
congemta-Eulenburg” and “paramyotoma congemta-Solder-Schott ” 
Table 2 shows the important characteristics of each 

Cmgemtal localized myotonia 

Garra and Garra (53) desenbe a patient who had from birth a 
myotonia localized to the muscles mnervated by one faaal nerve 
This is the only case of this type that could be found m the hterature 

Myotonia acquisita 

A number of cases have been desenbed m the hterature m which 
myotoma is stated to have followed some trauma or acute mfectious 
disease and to have occurred m mdividuals at a late age and without 
a hereditary background Talma (138) first designated these cases 
“myotoma acquisita ” Recently Krabbe (76, 77) has reported a case 
and collected from the hterature 34 cases of myotoma acqmsita He 
concluded from the study of these cases that “acquired myotonia must 
be considered as an mdependent disease, entirely different from 
Thomsen’s disease, the congemtal myotoma, which presents similar 
symptoms but which is a disease of an altogether different ongm ” 
He also concluded that acquired myotoma “does not appear ever to 
be produced by diseases which attack the central nervous system, such 
as syphilis, artenosclerosis, or encephahtis, but seems m a large 
number of cases to be caused by polyneuritides or diseases which attack 
the peripheral nerves and muscles produemg an h)rpertrophy of the 
sarcoplasm ” Eleven of the articles referred to by Krabbe were read; 
m these eleven articles 14 patients were desenbed The articles read 



-ire QEh- <a Ciss oi iccesKtCi.\ , la ji£ ?1> l-t'X 
43^ 144^ 150'^ OI tss 1 - paueais cescrbcu irr ti'rso in..,*, ^ 

an 03 tLs ccrcntroQ vras not u-p cil oi uxo'ciris, .vi i ivcv — iny 
pniis, geaerak^i i:o 3ii.piv)\ui.an vrth *xctr.Nr vxis* vnt 

Losde'snraiess nien the paueat was at re>t ori or r oaf o t''*-, " t 
ach case showed that the coadiuon was not niwwonu I'' s 3 s tar- 
hcr confinned b> the lact that m not one of the nvx. ^vaUents in whuU 
dectncal tests were made was a m\-otomc n.a«.Uon loimd It us ixte 
able that the mjotomc reacUon ma\ occa-ioualh be il'sittt for \ 
nme m \er> nuld cases of mNOtoma, but the absoiia ni <.\ar\ e ise 
here is significant. In the S other cases the following is toiind In a 
12 j ear old boy (ISO) mhentance tvas in no w-u e.\eluded In one 
patient 40 j ears of age (136) the m\otonu was ussoeiited with tiui 
tjpical muscular atrophj of dystrophia mwtoiiie-i-sUrnoduo. o 
mastoids, hands, feet, orbicularis oculi In another ai n ^ j . 
stemodeiodomastoids had begun to atrophy In one rise ( v ft 

fairly typical voluntary' myoDtonia and a soniew It it more >pia n>i 

tome reaction were assoaated with marked muscle tun j'*'*' . ' 

paraesthesias, and pain, mterprclafion of this case s 1 1 le'i 
report on one patient (148) is loo scanty to eva lift t ' 
only the three patients reported b> Jacoby (o8) 1 ity > 

had defimte myotoma ivith no heredity but nothing ^ 

cases IS mcompaUblc ivlth the diagnosis ot 

b,fo» a.. 0 . .e,ph, 'll-' '1:7:“ ..ni" « » 

a temporary myotoma It is cvicient hat 

c^ed eases of myotoma acquisita . l^y Krabbe in the 

that cxanunation of the remaining 20 coses lo 
hteraturc would show anythuig different 
Few cases of myotoma acquisita wW bo o true If it 

the presence of myotonia arc applied Ibis 1 the 

IS remembered that m families with myotonia w k 
members may be so slightly affected that the a ^,,,1 („ 

agent is necessary for the myotonia to 1'*=“'’ . ^ symptom and 
dystrophia myotomca the myotoma may k f .^fiulred myoPmi i 
may at times be very wodespread lheexbUn“-o 

cannot be entirely denied, but its occurrence mo di^.ajiei prci ipi- 
It IS ccrtamly possible Uiat some acute mice 


486 


ABE RAVIN 


tate or aggravate myotonia m mdividuals with an inliented defect A 
patient seen by the author dated her illness, consistmg at that time only 
of myotoma, from an attack of typhoid at the age of 23 years If she 
had been seen at that time she could certainly have been said to have 
myotoma acquisita Seen, however, at the present time with the 
typical atrophy of dystrophia myotomca, botb lenses removed for 
cataract, and with cataracts m 34 and 31 year old sisters, no question 
exists of the diagnosis of dystrophia myotomca 

The 24 year old boy described by Krabbe (76) with no hereditary 
background, slowness of movements, muscle hypertrophy and myo- 
tome reaction presents the syndrome of hypothyroidism, muscular 
h)q)ertrophy and myotoma to be desenbed 

Syndrome of hypothyroidtsm, muscle hypertrophy and myotoma 

A number of patients are reported m the hterature m whom hypo- 
thyroidism, muscle hypertrophy, and myotoma are assoaated to form 
stnkmgly similar dmical pictures A descnption of these patients 
will make this clear 

In 1903 Shmidt (126) reported the occurrence of myotoma m a 
patient with no hereditary background for its manifestation but with 
myxedema of about 4| years duration Shortly after the onset of the 
symptoms of myxedema the patient had noticed the occurrence of 
muscular spasms m association with voluntary movements Exami- 
nation revealed a typical voluntary myotonia m addition to the classi- 
cal evidences of myxedema The myotoma was evident m all the 
muscles of the extremities, the muscles of the trunk and neck, the 
muscles of mastication and the tongue The mechamcal and electneal 
imtabihty of the muscles was mcreased The reflexes were normal 
The myotoma as well as the myxedema improved with thyroid 
therapy, returned when the thyroid was stopped for a month, and 
left agam wnth resumption of thyroid Shmidt concluded that “the 
simultaneous development and parallel changes of both diseases and 
the defimte improvement of both resultmg from thyroid treatment, 
force a conclusion that both have the same cause abnormal function- 
. mg of the thyroid gland ” 

Durmg 1917-18 Kramer (78, 79, 80) m several short reports de- 
scribed three unusual cases of m3cxedema The picture of myxedema 
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was dearly developed, with marked slowness and difficulty m move- 
ment, narrow palpebral fissures, coarse speech, loss of hair, dry pasty 
sLm, and "myxedema heart ” These patients also had a marked 
hypertrophy of the muscles, especially those of the extremities The 
hypertrophy was associated, however, with a decrease rather than an 
mcrease m strength There was no voluntary myotonia The patd- 
lar and AchiUes reflexes were easily ehated but were sluggish, the 
slowness mvolvmg the contraction as well as the relaxation The 
musdes contracted readily on mechamcal stimulation but here agam 
with a slowness of contraction and some slowness of relaxation Both 
direct and mdircct faradic and galvamc stimulation produced pro- 
longed contractions The symptoms of myxedema and the prolonga- 
tion of the muscle contractions disappeared followmg thyroid adminis 
tration Kramer does not state whether the musde hypiertrophy 
showed any change 

In 1921 Slauck (127) stated that m two cases of myxedema he 
found electncal reactions similar to those descnbed by Kramer and 
emphasized the similarity to the myotome reaction He conduded 
that “if these observations are nght (the similarity of myxedematous 
and myotome musdes m their behavior to the electncal current) then 
we should find m severe untreated cases of myxedema, myotome 
symptoms ” He also reported the occurrence m congenital myxedema 
of a hypolemmal layer of striated circular fibers such as had been 
descnbed by Heidenhtun m dystrophia myotomca and correlated the 
sunilanty m electncal behavior with this pathological findmg Later 
(128), havmg failed to find them m some patients mth Thomsen’s 
disease, he deaded against their importance 

In 1924 Chaney (27) agam descnbed the abnormally prolonged 
character of the tendon reflexes m myxedema which had been seen by 
Kramer From graphic records he descnbed the contraction as occur- 
nng with about normal rapidity, but persistmg for as long as a second 
and relaxmg slowly Although Chaney apparently obtained this pro- 
longation m all of his patients ivith myxedema, other workers have 
found It only occasionally Eckerstrdm (40) m 1936 also reported the 
presence of the prolonged Achilles tendon reflex in a woman with 
myxedema He found it m no other reflexes and stated that no 
myotome reaction occurred with the faradic current 
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tate or aggravate myotonia m mdividuals witli an inherited defect A 
patient seen by the author dated her illness, consistmg at that time only 
of myotoma, from an attack of t)rphoid at the age of 23 years If she 
had been seen at that time she could certainly have been said to have 
myotoma acqmsita Seen, however, at the present time with the 
typical atrophy of dystrophia myotomca, both lenses removed for 
cataract, and with cataracts m 34 and 31 year old sisters, no question 
exists of the diagnosis of dystrophia myotomca 

The 24 year old boy described by Krabbe (76) with no hereditary 
background, slowness of movements, muscle hypertrophy and myo- 
tome reaction presents the s)mdrome of hypothyroidism, muscular 
hypertrophy and myotoma to be desenbed 

Syndrome of hypothyroidism, muscle hypertrophy and myotonia 

A number of patients are reported m the hterature m whom hypo- 
thyroidism, muscle hypertrophy, and myotoma are associated to form 
stnkuigly similar chnical pictures A descnption of these patients 
wih make this clear 

In 1903 Shmidt (126) reported the occurrence of myotoma m a 
patient with no hereditary background for its manifestation but with 
m3rxedema of about 4| years duration Shortly after the onset of the 
symptoms of myxedema the patient had noticed the occurrence of 
muscular spasms m association with voluntary movements Exami- 
nation revealed a t)q)ical voluntary myotonia m addition to the classi- 
cal evidences of myxedema The myotonia was evident m all the 
muscles of the extremities, the muscles of the trunk and neck, the 
muscles of mastication and the tongue The mechanical and electncal 
imtabihty of the muscles was mcreased The reflexes were normal 
The myotoma as well as the myxedema improved with thyroid 
therapy, returned when the thyroid was stopped for a month, and 
left agam with resumption of thyroid Shmidt concluded that “the 
simultaneous development and parallel changes of both diseases and 
the defimte improvement of both resultmg from thyroid treatment, 
force a conclusion that both have the same cause abnormal fimction- 
mg of the thyroid gland 

Durmg 1917-18 Kramer (78, 79, 80) m several short reports de- 
senbed three imusual cases of myxedema The picture of myxedema 
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was clearly developed, with marked sloivness and diffi^ty m mov^ 
ment, narrow palpebral fissures, coarse speech, loss of hair, dry P^ty 
skin, and “myxedema heart ” These paUents also had a marked 
hypotrophy of the muscles, espeaally those o the e-'rtre^ties The 
hypertrophy was associated, however, with a decre^ J 

increase m strength There was no voluntary myotonia The pate - 
lar and Achilles reflexes were easily ehcited but were sluggish, 
slowness mvolvmg the contracUon as well as the re^hon Th 
muscles contracted readily on mechamcal stimulahon but here ag^ 
with a slowness of contraction and some slowness of relaxation Bo 
direct and mdirect faradic and galvanic stimulation produced pro- 
bnged contracUons The symptoms of myxedema and the prolong 
hon of the muscle contractions disappeared foUowmg thyroid actauM 
tration Kramer does not state whether the muscle hypertrophy 

showed any change j „ 

In 1921 Slauck (127) stated that m two ca^ m^edema he 
found electncal reacUons similar to those descnbed by Kramer and 
emphasized the similarity to the myotome reaction He concluded 
that “If these observations are nght (the similarity of myxedenmtous 
and myotome muscles m their behavior to the electn^ cunent) then 
we should find m severe untreated cases of myxedema, myotonic 
symptoms ” He also reported the occurrence m congenital myxedema 
of a hypolemmal layer of striated orcular fibers such as had been 
described by Heidenham m dystrophia myotomca and correlated the 
smnlanty m electncal behavior with this pathological findmg Later 
(128), havmg failed to find them m some patients with Thomsen's 
disease, he deaded agamst their impiottance 
In 1924 Chaney (27) again descnbed the abnormally prolonged 
character of the tendon reflexes m myxedema which had been seen by 
Kramer From graphic records he descnbed the contraction as occur- 
nng with about normal rapidity, but persistmg for as long as a second 
and relaxmg slowly Although Chaney apparently obtamed this pro- 
longation m all of his patients with myxedema, other workers have 
found It only occasionally Eckerstrom (40) m 1936 also reported the 
presence of the prolonged Achilles tendon reflex m a woman with 
niyiedema. He found it m no other reflexes and stated that no 
myotome reaction occurred with the faradic current 
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In 1929 Weitz (147) described a 44 year old doctor who, following 
x-ray radiation and thyroidectomy for hyperthyroidism, became defi- 
mtely m 3 rxedematous With the development of myxedema the 
skeletal musculature became more bulky and more firm, especially m 
the calves of the legs, but the muscle strength was not mcreased On 
many movements and especially on sudden movements painful cramps 
lastmg 6 to 10 seconds occurred m the muscles used During these 
cramps the affected muscle was board-hke m hardness On passive 
movement and on slow active movement no pam or spasm occurred 
If certam movements were repeated, espeaally openmg and closing 
of the hands, the first movements did not occur as rapidly as later 
movements but the difference was not marked Str ikin g the muscles 
produced elevations (idiomuscular?) lastmg a number of seconds 
The muscles were very irritable mechanically and percussion of small 
muscles produced contraction of the entire muscle, Weitx does not 
state whether the contractions were slower than normal Electrical 
examination of the muscles revealed a moderate hypenmtabihty but 
apparently no myotoma The muscular symptoms were aggravated 
by cold and fatigue The reflexes were not slow After thyroid 
treatment the muscles became softer, the muscle cramps stopped, and 
the slowness of contraction on voluntary and mechamcal stimulation 
left with the symptoms of myxedema 

In 1933 Krabbe (76) descnbed as a case of acqmred myotoma a 
24 year old man who m addition to his muscle symptoms showed a 
saUow color, dry skin, progressive fatigue, slow movements, slow 
speech, sensitivity to cold and basal metabohc rate 67 per cent of 
normal He also had a marked muscular hypertrophy At times 
when he flexed his fingers vigorously, he had trouble m extendmg them 
agam On electrical exammation there was a marked myotome reac- 
tion and diminished faradic and galvamc excitabihty A piece of leg 
muscle removed and exammed rmcroscopicaUy showed no abnor- 
mahty except a shght mcrease m the volume of the muscle fibers He 
was given thyroid extract and improved considerably, the power and 
rate of movement mcreased and the muscles seemed to diminish 
in bulk 

In 1935 Garcm et al (52) descnbed a 28 year old man in whom there 
was a simultaneous appearance and the parallel evolution of the syn- 
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drome of Thomsen’s disease and myxedema The muscular dystrophy 
\TOS characterized by a marked hypertrophy of many of the muscles 
and the presence of myotonia A stiffness of the first movements 
improved anth repetition The degree of stiffness was not com- 
parable to that seen m myotonia congenita In addition, painful 
cramps occurred on sudden movements m muscles m which no volun- 
tary myotonia could be determmed and m myotome muscles even 
after the mitial stiffness had passed Marked myotome contractions 
foUowmg percussion were seen m many muscles The electrical reac- 
tions m this patient were studied by Bourguignon and Garcm (13) i\ho 
concluded that the myotonia although defimtcly present was “far 
from having the characteristic slowness of the myotoma m the 
myopathies " The patient died of pneumonia, apparently before 
the effect of thyroid therapy could be determmed 
In 1935 Debre and Semelaigne (36) desenbed a child two years of 
age whose mtellectuai and physical development appeared to have 
been more or less stationary after the first few months of life Exami- 
nation at two years revealed a general hypertrophj of all the muscles 
m the body and the tongue A pronounced muscular hypertoma, 
stiffness of the limbs, and difficulty m bendmg or straightenmg were 
also noted The reflexes were feeble but present The psychic 
development was almost ml Certain findings suggested hypothy- 
roidism, such as wrinkled forehead, flat nose, swollen eyelids, thick 
bps, large tongue, absence of hair on eyebrows and scalp, arrested 
physical growth, and mental defiacncy Thyroid was given with 
remarkable results The muscular masses decreased almost to nor- 
mal, the facies changed, the tongue became normal m volume, mtclh- 
gence improved, movements became more rapid and prease, and the 
hypertonia left Debre and Semelaigne beheved that their case and 
the similar cases described by Bruck (21) m 1889 and by deLange (87) 
in 1934 persented a syndrome due to congenital athj roidism These 
authors pomted out the folloivmg pomts of similantj on all of these 
cases congemtal origin, the general muscular h\'pertroph> and 
athletic appearance, permanent and paroxysmal muscular hypertonia, 
mtellectuai deficiency, arrested development and the fatal prognosis 
Poncher and Woodward (105) in 1936 reportexi the case of an infant 
who at live weeks began to have generalized tonic spasms associated 
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With cyanosis When examined at 5 months of age he had the general 
appearance of an infant Hercules because of the marked enlargement 
of the muscles all over his body The muscles were imusuaUy firm 
and showed a localized dimphng and sustamed contraction on mecham- 
cal percussion The reflexes were normal Durmg the spastic 
attacks the muscles over the entire body contracted and the patient 
became rigid and cyanotic An entire attack lasted from sixty to 
seventy-five seconds Galvanic stimulation of the muscles showed 
normal or somewhat mcreased imtabihty with ACC equal to or 
shghtly greater than CCC Galvamc stimulation resulted m a slow, 
wormhke contraction which persisted for almost a nunute after the 
stimulus ceased Because the mfant did not show the normal creatm- 
una of infancy he was treated with thyroid The result was stnkmg 
the myotome reaction left, the spastic spells stopped, the muscular 
hypertrophy decreased, and urme excretion of creatme became normal 
In view of what has been said about myotoma, it is evident that the 
spasms m this patient caimot be considered as an evidence of myo- 
toma, they m no way correspond to what has been said of myotoma 
They must be correlated with the muscle cramps which have been 
described m several of the other cases In regard to the question of 
hypothyroidism the authors state “Epiphysial development, the 
texture of the hair and skm, the muscular development and tone, the 
blood cholesterol and other factors were against a diagnosis of hypo- 
thyroidism The delayed development, the large thick tongue and 
the absence of creatmuria were the only manifestations compatible 
with such a diagnosis ” The argument for hypothyroidism is greatly 
improved if to those features compatible with hypothyroidism is 
added the highly significant fact of rehef of the symptoms with 
thyroid therapy 

Vald6s Diaz (141) reported the case of a Negro male mfant who 
at three months of age had generalized muscular h3q)ertrophy and a 
Herculean appearance When the patient was treated with thyroid, 
the myotome symptoms which were present and the muscular hyper- 
trophy disappeared 

Nevm (quoted from Poncher and Woodward (105)) saw a girl of 
17 years m whom the diagnosis of myotoma congemta was made 
because of enlargement of the muscles and myotoma Because of a 
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history of cretinism, thyroid which had not been given for some tune 
was admmistered to the patient This resulted m such improvement 
m the muscle findmgs that it was no longer possible to consider the 
case one of myotonia congemta Studies of action currents m the 
muscle also led Nevm to beheve that the disorder was different from 
Thomsen’s disease 

Maas (91) states that Dr Martm observed a case m the National 
Hospital of a woman who had a rough dry skin and myotome reac- 
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Infant 

M 

+? 

+ 

? 

+ 

+ 

+ 

0 

+ 

Valdis Diaz (14) 

Infant 

M 

? 

+ 

+• 


+• 



+ 

Nevin (105) 

17 

F 

+ 

+ 

+• 

+• 

+• 



+ 

hlaas 


F 

+ 


+ 

+ 

+ 



+ 


* Report states only that myotonia was present, type not menUonetL 


tions on electneal esatation, mechamcal exatabon and active move 
ments, these completely disappeared after treatment with thyroid 
extract 

The remarkable uniformity of the rlimral picture of these cases is 
evident from an exammation of table 3 m which the findings have 
been hsted 

The evidence for hypolltyrotdism is clear cut m practicallj all cases 
In the patient described by Ponchcr and Woodward some doubt could 
arise but, as stated, important evidence pomts to the presence of a 
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thyroid msuf&ciency In the case reported by Valdes Diaz the original 
article could not be examined and Poncher and Woodward do not 
state whether any evidences of h)^othyroidism were present The 
improvement with thyroid therapy was, however, significant In 
some cases the hypothyroidism was congenital, m one it followed x-ray 
radiation and thyroidectomy, and m the remamder it occurred spon- 
taneously m later life 

Muscle hypertrophy was a striking feature m most of the cases and 
often the condition which resulted m the case being reported It was 
usually qmte generalized but often more marked m the extremities 
The muscle strength did not correspond to the muscle bulk and was 
often less than normal The muscles were very firm 

Voluntary myotonia was a very mmor symptom m most cases 
Kramer stated that none was present m his three cases Weitz’s 
patient had it m very small degree The patient described by Garcin 
et al had defimte myotoma but the authors state that it was much 
less than ordinanly seen m myotoma congemta The muscle spasms 
which are described by Poncher and Woodward are not myotonic 
Mechanical myotonia was present in every case when looked for An 
electrical reaction resembhng that seen m myotoma was described m 
all but two cases After careful exarmnation, Bourgmgnon and 
Garcm (13) came to the conclusion that although the myotonic reac- 
tion was definitely present, it did not resemble that usually seen in 
myotonia because of its much shorter duration Kramer’s cases 
apparently showed a defimte prolongation of contractions foUowmg 
mdirect galvamc stimulation, this is usually not found m myotoma 

In summary regardmg the presence of myotoma it may be stated 
that m the one case very carefuUy mvestigated by those famihar with 
the condition, a defimte myotoma to aU forms of stimulation was 
found but the myotoma differed from that m true myotoma congemta 
by its shorter duration Voluntary myotoma is only shght and often 
absent The mechanical myotoma is most evident and marked 
Electrical myotoma is usually present but differs from the electrical 
myotoma seen in myotoma congenita m mmor details Some question 
exists as to whether the reaction is a true myotonia m the sense that 
it represents the same type of muscle change as is found m myotonic 
conditions described Some question also exists as to whether the 
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dissoaatioa m the occurrence of the vanous forms of myotoma repre- 
sents a true absence of some forms or their presence m such a smaU 
degree that they were overlooked 
The spasms are probably associated with the hypcrtomaty of the 
muscles and were seen mamly m the mfants The spasms \yere present 
m at least three cases and were evident as painful contractions of one 
muscle group or the muscles of the entire body commg on usually with 
sudden or forable movements They are defimtely not of myotonic 
nature and probably have no relation to true myotonia On the other 
hand, what appears as myotoma m these cases may possibly be an 
expression of this hypertomc condition of the muscles The hyper- 
tomaty of the muscles m the case of infants was especially evident as 
a resistance to passive movement A central ongm of this hyper- 


tomaty is quite possible 

Prohngatwn of the reflexes was evident m Kramer’s cases and has 
been reported m other cases of myxedema m which the other muscle 
symptoms descnbed here were either not present or not evident enough 
to attract attention The reflexes were stated m most cases to be 
defimtely hvely, however, m one sense a reflex may be hvely, tha^ 
easily ehated and marked m extent, and still be somewhat prolonged, 
so that It is possible that more attention paid to the type of reflex 
may show the presence of prolongation to be more common 

In every case where thyroid was given, marked improvement oc 
curred not only m the symptoms of myxedema but in the mu e 
symptoms The myotome phenomena, the muscle hypertrophy, 


and the muscle cramps were alleviated 
The marked and complete response to thyroid appeare to oUcr a 
solution to the nature of these cases Individuals with m>otonia 
congemta rarely show evidence of hypothyroidism, an are no 
benefited by thyroid therapy These mdmduals with hypo^yro^ra 
and myotonia, on the other hand, become normal w en ^ve 
Since thyroid alone can make these patients normal, 
of thyroid produces the muscle symptoms along 
toms of myxedema, no other choice seems open than 
the muscle symptoms are an evidence of thyroid ^ 

individuals Why doesn’t thyroid defiaency produce ^ ^ P - 

mall individuals? It is likely that similar symptoms m 
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do occur in most cases of marked m)rxedema and that closer mvesti- 
gation will reveal them The marked S3aidrome probably occurs 
only m mdividuals who have a certam inherited tendency to the 
manifestation of such symptoms This concept receives plausibihty 
from the hqdmg that some mdividuals with an inherited tendency to 
myotoma may exhibit myotoma only at certam times The inhented 
tendency may not be of the same nature as the one which results m 
myotoma 

SUMMARY 

Whether produced by nerve impulses, electrical current (electrical 
myotoma) or mechamcal percussion (mechamcal myotoma), the 
myotome contraction persists for an abnormally long time after the 
stimulus produemg it has ceased The persistence of the contraction 
IS evident as a slowness of relaxation of the muscle Nerve impulses 
produemg myotome contractions are almost always of voluntary 
ongm (voluntary or active myotonia) 

In a senes of contractions foUowmg a period of rest voluntary 
myotoma decreases m successive contractions until it is usually no 
longer evident, correspondmgly, myotoma is worse after a penod of 
rest Withm hmits myotoma mcreases with mcrease m force of 
contraction 

The myotome contraction produced by nerve impulses is of dual 
nature, consistmg of two superimposed components one, a voluntary 
contraction of the usual type startmg and stoppmg as desired by the 
wdl, the other, a persistmg contraction settmg m at the tune of the 
voluntary contraction and lasting for a defimte time regardless of 
the duration of the voluntary component Both components prob- 
ably mvolve the same muscle fibers 

In addition to the slowness of the phase of relaxation, voluntary 
myotome contractions occasionally show other abnormahties The 
phase of contraction may show a slowness which is aggravated by cold 
and by calaum In a senes of contractions the second and several 
succeedmg contractions are occasionally weaker than the first con- 
traction 

Excitement, fnght, and other emotional stunuh mcrease voluntary 
myotoma Neither venous congestion nor complete obstruction of 
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the circulation for several minutes appreciably influence voluntary 
myotonia Cold usuaUy mcreases voluntary myotonia but may 

occasionally decrease it , r „ j 

Myotoma has been shown to be influenced by the foUowmg dwgs 
Quinme and quimdme markedly decrease myotoma Epmep^e 
decreases myotoma Insulm decreases myotonia when it produces 
symptoms of hypoglycemia Calaum decreases myotoma Pro 
stigmm and potassium chloride mcrease myotonia 

Myotome muscles usually show an mcreased imtabihty to mechan- 
ical stimuh The contraction and especially the relaxation of myo- 
tome muscles foUowmg mechamcal stimulation are prolonged 

Erb’s original description of the reaction of the nerves and mu^es 
of myotome patients to electrical stimuh has been modified only m 
min nr details by later investigators 

No change m the composition of the blood or m the metabol^ o 
patients with myotonia has been defimtely correlate wi e 


myotoma , 

Hypertrophy of the muscle fibers, mcrease m the sarcolemM 

nuclei, and an mdistmctness of transverse stnations have been tte 
most commonly reported pathological changes m myotome mu^es 
InvesbgaUons for the presence of action currents durmg myotoma 
have given contradictory results and failed to locate the defect m 
myotoma The simflanties of the properties of myotonia to those ol 
Tiegel’s, veratrme, neuromuscular, and acetylchohne contracture 
suggest that myotonia is a contracture and that the defect m m^ on a 
IS, therefore, probably m the muscle This conclusion is support^ by 
evidence obtamed by analyzmg that property of myotoma which has 
been called “dual nature of the myotome contraction 

A review of the relaUon of the endoenne glands to myotoma indi- 
cates that although myotonia is influenced by the various known hor- 
mones it IS probably not produced by any of them 
In the present state of our knowledge of the relation of the au o- 
nomic nervous system to skeletal muscle, it is difficult to un ers 
how a defect of the autonomic nervous system could produce m>o- 


toma 

Myotonia occurs classically in 
frequently m dystrophia myotomca 


myotoma congenita, but most 
In the rare conditions, myotoma 
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congenita intermittens and paramyotonia congemta-Solder-Sdiott, 
myotoma is evident only under tlie influence of cold Myotoma does 
not occur m paramyotoma congemta-Eulenburg Myotoma ac- 
qmsita, that is, myotonia without an hereditary background, is rare 
A fairly large group of patients presentmg a syndrome of hypothy- 
roidism, muscle hypertrophy and myotonia have been reported in 
the hterature 

I am mdebted to Dr James J Wanng, Dr E H Brunquist, Dr 
R W Whitehead and Dr R S Ravm for their many valuable sug- 
gestions I wish to thank Miss Juha Chilton and the hbrarians of 
the Charles Demson, M D Memonal Library for their assistance m 
the preparation of the manuscript 
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